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UNITED STA*. iS PATENT APPLICATION 
Of 

Chnnq Yi Wang 
for 

SYNTHETIC PEPTIDES SPECIFIC FOR THE DETECTION 
OF ANTIBODIES TO HCV. DIAGNOSIS OF HCV INFECTION 
AND PREVENTION THEREOF AS VACCINES. 

INTROP.y.CTJLON 

The present invention relates to peptide compositions 
specific for t.he diagnosis and prevention of hepatitis C virus 
(HCV) infection, or non-A non-B hepatitis (NANBH) . More 
particularly, the present invention is directed to synthetic 
pepUde compositions which are specific for the detection of 
antibodies to HCV in body fluids and immunoassays using the 
same. The invention also includes the use of the synthetic 
peptide compositions as antigens for eliciting the production 
of monoclonal and polyclonal antibodies against HCV and as 
iiraminogens in vaccines for the prevention of NANBH or HCV 
infection. 

In the 1940s, two i ndependent inver.t iyators concluded 
that there were at least two types of viral hepatitis, 
designated as A and B (HAV and HBV) and that infection by ono 
type, either HAV or HBV. did not confer the patient with 
cross-immunity (1-3). It was only in the 1970's with the 
introduction of serologic markers for hepatitis A and hepatitis 
B that it became possible to identify diseases caused by the 



- Express Mail No.: B106835980 - 



1 two viruses to distinguish between these two types of 

I hepatitis clinically and sero louica 1 ly . 

3 Subsequently, in 1974. Trince ct al. suggested thai 

* many cases of transfusion hepatitis could not be attributed to 

5 iiav or HBV and were caused by an agent other than these 

6 viruses. They proposed naming the agent, hepatitis C virus 

7 (HCV) (4). The presence of another hepatitis causing agent was 

8 subsequently confirmed by Alter et al.. who reported that 

9 although the exclusion of commercial blood donors found to 

10 carry hepatitis B surface antigen (HBsAg) significantly reduced 

II the frequency of post-transfusion hepatitis (5). 7 to 10 

12 percent of the S million Americans who received transfusions 

13 each year still developed hepatitis. In 90\ or these 

1< post-transfusion hepatitis cases, a specific virus, unrelated 

15 to HAV, HBV, Epstein-Barr virus, cytomegalovirus or other 

16 viruses which occasionally produce liver diseases, was 

17 implicated as the etiologic agent (5). This infection was 

18 designated as non-A non-B hepatitis (NANBH) . 

19 over the years, NANBH has been reported in patients 

20 undergoing hemodialysis, recipients of renal transplants (6), 

21 intravenous drug abusers (7) and patients in institutions for 

22 the mentally retarded (B). Further, nurses caring for patients 

23 W ith NANBH have also been found to contract this disease. 
2k Epidemiologic evidence suggests that there may be 

25 three types of NANBH : the water-borne epidemic type; the blood 

26 or needle associated type; and the sporadically occurring 

27 (community acquired) type. However, the number and precise 

28 nature of the causative agents of NANBH still remains not 

29 entirely clear. 
30 
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1 The acute phase of NANDH is less severe than that of 

2 hepatitis B. and the disease is rarely fatal. However, moie 

3 than a third of the individuals who contract NANBH develop a 

* chronic form of the disease in which they may remain infectious 

5 indefinitely. This chronic state may lead to cirrhosis of the 

6 liver and eventually to liver cancer. 

? Many methods have been developed in an attempt to 

8 detect the putative NANBH viral antigens and antibodies. These 

9 include agar-gel diffusion, counter immunoelectrophoresis, 

10 immunofluorescence microscopy, immunoelectron microscopy. 

11 radioimmunoassay, and enzyme-1 inked immunosorbent assay using 

12 cru de biologic lysates and antibodies from patients. However, 

13 none of these assays are sufficiently sensitive, specific and 

14 reproducible for use as a diagnostic test for NANBH. Some of 

15 the reactivities detected were later attributable to the 

16 presence of antibodies to host cytoplasmic antigens or low 

M levels of a rheumatoid-factor-like substance frequently present 

18 in patients with or without hepatic diseases. 

19 m the absence of a definitive test for NANBH , the 

20 * diagnosis in the past has been one of exclusion. It was based 

21 on the clinical presence of acute hepatitis and the persistent 

22 absence of serologic markers for hepatitis A and B, 

23 Epstein-Barr virus or cytomegalovirus. 

2U Because no specific test for the detection of 

25 antibodies to NANBH or HCV has been available.., the use of 

26 nonspecific tests to screen donors has been adopted in the past 

27 decade as a means of preventing at least some post-transfusion 

28 NANBH. 

29 one such surrogate test measures liver enzyme levels. 

30 Th e concentrations of some of the liver enzymes, in particular 
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1 alanine aminotransferase (ALT) ■ ere frequently elevated in the 

2 blood of patients with active hepatitis. Two independent 

3 stuOies have shown a correlation between donor ALT levels and 
* the incidence of NANBH in transfusion recipients (9-11). 

5 However, some studies showed that only about 20 percent of 

6 blood donors who transmitted NANBH have elevated liver enzyme 

7 concentrations. Other investigators, furthermore, have found 

8 that the liver enzyme levels can be increased by extraneous 

9 factors, such as heavy drinking. 

10 Epidemiologic circumstances predisposing donor 

11 populations to infection with hepatitis B virus may also favor 

12 exposure to NANBH agents. A study conducted by Stevens et al. 

13 (12) evaluated the risk factors in donors for the presence of 

14 antibodies to hepatitis B virus. The results indicated that 

15 units of blood which were positive for antibodies to the 

16 . hepatitis B core antigen (anti-HBc) appeared to present a two 

17 to three-fold greater risk of NANBH in the recipients than 

18 units without anti-HBc. They concluded that anti-HBc screening 

19 of donors might prevent about one third of the cases of NANBH 

20 . attributable to transfusion, whereas ATL screening might 

21 prevent nearly one half of the cases of post transfusion NANBH. 

22 Even with the use of these surrogate tests to 

23 establish the diagnosis of NANBH by exclusion, the correct 
2^ identification of the NANBHV carriers was still far from 

25 satisfactory. Firstly, there are a significant number of 

26 " patients who received blood lacking the surrogate markers and 

27 yet developed NANBH. Secondly, there is a minimal overlap 

28 between donors with elevated ALT levels and those with 

29 anti-HBc. Lastly, there are recipients of blood units which 
30 
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1 were positive Cor a sunogate maiker, bul who did not become 

2 infected with NANBIIV (or HCV) (13-Tj). 

3 Thus, there is mi uigent demand fui'a sensitive and 
* specific method to identify carriers of HANUMV and to scicen , 

5 „ut contaminated blood or blom! pioduct:;. In addition, U.eio 

6 is also a need for an effective vaccine and/or therapeutic 

7 agent for the prevention and/or treatment of the di sense. 

8 Recently, a group of scientist:: nf Chiron Corp. 

9 constructed a random-primed complementary UNA (cOMA) libraiy 

10 from plasma containing the uncharaclet ized NANBH agent (Ifi). 

11 They screened the library with serum from a patient diagnosed 

12 will, NANBH and isolated a cDNA clone that encodes an antigen 

1*J associated specifically with NANDI! . This clone was found to be 

14 derived from the genome of an agent similar to the togaviridae 

15 or flaviviridae (16). The newly identified NANBH agent was 

16 called hepatitis C virus (HCV) . A specific assay for this 

17 blood-borne NANBH vims was developed based nn a fusion 

18 polypeptide of human superoxide dismutase (SOU) and 363 HCV 

19 ,,mino acids, designated as S00/HCV C100-3 (17). SOP/1IVC C-100 

20 was synthesized utilizing a clone of recombinant yeast, 

21 purified, and used to capture circulating viral antibodier. 

22 (i7.). A family of cDNA sequences derived from this hepatitis C 

23 virus was subsequently reported in detail (IB). 

2k Synthetic peptides have been used increasingly to map 

25 antigenic or immunogenic sites on the surface of proteins, an 

26 approach recently termed •site-dixected-serology- . The present 

27 inventor (Wang, C.) and a colleague have taken this approach to 

28 identify and characterize highly antigenic epitopes on the 

29 envelope proteins of HIV and to develop sensitive and specific 

30 immunoassays for the detection of antibodies to HIV (previously 
designated HTLV-III) (19-21). See also U.S. Patent 4,735,896, 

- 5 - 



1 issued Ap.il 5, l«J8S and U.S. Patent 4.«79,2U issued Nov. 7, 

2 ,!>R9. the contents of which ore. hereby. Cully incorporated by 

3 rclccnncc (2*. 23). Subsequently, a none.-, »t finely mapped 
* and well-character Ucd HTLV-1/11 .elated synthetic peptide 

5 wcce employed in the development of synthetic pept i de-based 

6 diagnostic assays fur the detection of H.n.v-t/ll antibodies in 
1 infected individuals (24. 25). See also U.S. Patent 4.833.071 

8 issued May 23. 19A9, U.S. S.N. 07/297.635 filed January 13. 19*1 

9 a „d USSN 07/469.294 filed January 24. 1990. These assays have 
10 provided superior sensitivity, excellent specificity, and. in 
H certain cases, an unmatched capability to differentiate 

12 infections with two closely .elated viruses, thus overcoming 

13 many of the existing problems associated with biologically- 

14 derived tests based on either viral lystate or recombinant 

15 UNA-derived protein. 

16 n is. therefore, an oojective of the present 

17 invention to develop a detection or diagnostic procedure to 

18 identify and monitor HCV infection. 

19 Another objective is to develop a test procedure that 

20 is highly sensitive and accurate. 

21 A further objective is to chemically synthesize a test 

22 .eagent which can then be used to detect the presence of 

23 antibodies to HCV in body fluids and diagnose NANBH. 

24 Another objective is to develop a vaccine which, when 

25 introduced into healthy mammals, including humans, will 

26 stimulate production of efficacious antibodies to HCV. thereby 

27 providing protection against HCV infection. 

28 A further objective is to provide a synthetic 

29 irwnunogen which can be used in mammals for the development of 

30 monoclonal and polyclonal antibodies to HCV. 
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BRIEF DESCRIPTION OF THE INVENTION 

6 According to the present invention, a series of ... 

7 synthetic peptides representing an irmmmnrlrimi nant region of a 

8 hepatitis C virus (tlCV) protein, each arranged in a specific 

9 sequence, has been identified and. made by solid phase peptide 

10 synthesis. These peptides have been found to be useful in a 

11 highly sensitive and accurate method for the detection of 

12 antibodies to HCV in sera and body fluids and the diagnosis of 
li non-A non-B hepatitis (NANPH) . Because of their high 

» imtnu.ioreactivity, it is expected that these peptides are also 
useful in stimulating production of antibodies to HCV in . 
healthy mammals such as Balb/C mice, and in a vaccine 

17 composition to prevent HCV or. NANBIIV infection. 

18 According to the present invention, a peptide 

» " composition useful for the detection of antibodies to HCV and 

20 diagnosis of NANBII comprises a peptide selected from the group 

21 of peptides with the following sequences: 

22 (i) EE , CSQIIL , PY 1 EQ , GMHLA . EQFKO , KALGL . LOTAS . RQAEV , I AP-X (1) 

23 (ii) 1 1 , PDREV, LYREF.DEMEE.CSQHL, PYI EQ.GMMLA. EQEKQ, KALGL -X (II) 
2U (iii) CV,VIVGR.WLSG.KPAll # rDREV,LYREF.DEMEE.CCQHL,PYI-X (111) 

25 wherein X is -OH or -NH r and analogues, segments, mixtures, 

26 combinations, conjugates and polymers thereof, 

27 The am ino acids in this application are abbreviated as 

28 shown herein below: 



29 
3C 
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1 a- Alif- alanine, 

2 r. Ary- ntglninc, 

3 u- Asp- asparaginc, 

4 N- Asm- asparagine, 

5 Gin- glutaminc, 

6 f> Gin- glutamic acid, 

7 t- ten- leucine. 

8 k- l.yn- lyMtm, 

9 k- His- histidine. 

10 x- Thr- threonine, 

11 G- Gly- glycine. 

12 o- He- isoleucine. 

13 F- Phe- phenylalanine. 

14 s« Ser- serine, 

15 w- Tip- tryptophan, 

16 y« Tyr- tyrosine. ' 

17 v- Val- valine, 

18 t> Cys- cysteine, 

19 p. pro- proline 
20 

21 An example of a combination is: CV, VIVGR.VVLSC.KPAIl , 

2 2 PDREV . LYREF . DEMEE . CSQH L.PYIEQ, GMMLA , EQFKQ . KALGL . LQTAS , RQAEV , 

23 IAP-X wherein X is -OH or -NH^ • An example of a segment of 

2( * Peptide II is: PDREV , LYREP , DEMEE , CSQHL , PY 1 EQ , GMMLA , EQFKQ , 

2 * KALCL-X wherein X is -OH or -NH 2 (IIF). An example .of a 

26 scqroeilt Of Peptide 111 is: SCKPAI I, PDREV. LYREF, DEMEE, CSQHL, 

27 PYI-X wherein X is -OH or -Nll^ (HID). 

28 Tne present invent ion. also includes a highly sensitive 

29 and accurate method of detecting antibodies to HCV in body 

30 fluids and of diagnosing NANBH comprises the following steps: 
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1 a. Preparing a peptide cumpusit iv» comprising a 

2 peptide selected from the group "^ving the following amino acid 

3 sequences : 

* (i) EE.CSyML, PYIEO.GHMLA, EQFKO, KALGL, LOTAS, RQAEV, IAP-X (1) 

* (ii> 1 1 , riWEV. LYREF,UEMEE,CSQHL. PYIEU^GMMLA, EQF1WJ.KALGL-X (11) 

6 (ili) CV.VlVGR.VVLSG ( KPAlI,PnREV,LYREr,nEMEE # CSQHL.PYI-X (111) 

7 wherein X .is -Oil or -Nllj. and analogues, segments, mixtures, 

8 combinations, conjugates and polymers thereof; ami 

9 B. Using an effective amount of the peptide 

10 composition as the antigen in an immunoassay procedure. 

11 Further, according to the present invention, the 

12 peptides by themselves, or when coupled to a protein or a 

13 polymeric carrier of homo or heteio diners or higher oligomers 
1* by use of homo or hetero functional multivalent cross linking 

15 reagents, or when directly synthesized and conjugated to a 

16 branching polyvalent lysine resin, can be used to stimulate 

17 production of antibodies to HCV in healthy mammals, including 

18 humans. The method comprises introducing an effective amount 

19 of the peptide composition containing each of the individual 

20 peptides, analogues or segments or a mixture or a combination 

21 thereof, or in a polymeric form, into the body of a healthy 

22 mammal by intraperitoneal or subcutaneous injection. 

23 Vaccines containing the peptides according to the 

24 present invention as the key immunogen may also be prepared. 

25 it is expected that such vaccine compositions may be useful to 

26 prevent HCV infection or NANBH. 
27 

BRIEF DESCRIPTION OF THE DRAWINGS 

28 

29 Figs i_i t i_2, 1-3 and 1-4 show the amino acid 

30 sequences of the immunodominant region of a HCV protein and 
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1 precisely delineates the amino acid residues (underlined to 

2 sl , ow ... marginal, . moderate, and ; strong) ».hat 

3 contribute to the immunoreact iviti es of these 1ICV peptides with 
k four representative MCV antibody positive sera. The 

5 immunoreact ivi ties were measured as absorbancc at 492nm by an 

* E1A procedure. 

7 Figs 2-1 and 2-2 ate comparisons of the signal to 

8 cutoff ratio between the peptide based HCV-E1A of '.he present 

9 invention and that of the recombinant SOD/HCV C-100 protein 

10 based IICV-EIA. In Fig. 2-1 a well-characterized HCV antibody 

11 positive control at various serum dilutions was used as the 

12 sample. In Fig. 2-2 a panel of serum specimens derived from 

13 serial bleedings of a single individual spanning a period of 

14 seroconversion to anti-HCV reactivity were used as samples. 

15 Figs. 3-1 and 3-2 depict the frequency distribution of 

16 the HCV-EIA, using Peptide IIG. signal to cutoff ratios 

17 obtained with 264 normal serum and 264 normal plasma specimens 

18 fium commercial sources. The mean s/c ratios for the negative 

19 (H.2S0) and screened out positive (i.e. n-14) seiuin specimens 

20 are 0.034 and 7.202 respectively; and for the negative (n-255) 

21 and positive (n-9) normal plasma specimens the mean s/c ratios 

22 are 0.084 and 7.089 respectively. 

23 F ig. 4 is a histogram depicting the immunoreactivities 
2U of Peptide IIG with sera from individuals: (a) positive for 

25 HBsAg, (n-50); (b) positive for antibodies to HBc protein, 

26 (n-39); (c) with elevated ( 100 I.U./L) alanine 

27 aminotransferase (ALT) enzyme activity, (n-174); (d) positive 

28 for antibodies to retroviruses HIV-1 (n-100), IIIV-2 (n-10>, 
2 ^ IITLV-I/II (n-14); all asymptomatic, (total n-124); (e) with 
30 AIDS, ARC (N-200) or ATL (n-170) disease, (total n-270); and 

(f) with autoimmune disease (n-20) . 
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1 Fig. 5 provides a comparison between EI A results using 

2 the peptides of the present invention and recombinant SOO/HCV 

3 C-100 by their respective s/cutoff ratios on a pane', of 

4 repeatably reactive specimens (n-23) obtained from a random 
^ donor population. 

6 Figure 6 provides a comparison between a passive 

7 hemagglutination assay (PHA) using Peptide IIG of Hie present 

8 invention and the recombinant SOD/HCV C-100 EIA by their 

9 respective P/C and s/Cutoff ratios for a panel of SOU/HCV C-100 

10 MCV EIA repeatably reactive specimens (n-20> obtained from a 

11 random donor population. For results obtained by the PHA, the 

12 agglutination pattern is quantitated by a specially designed 

13 optical reading instrument (manufactured by Olympus 

** Corporation) where a P/C ratio of larger than 20 is considered 

15 negative whereas a P/C ratio of less than 20 is considered 
positive. 

17 

DETAILED DESCRIPTION OF THE INVENTION 

18 

19 In accordance with the present invention, three 

20 peptides and their segments have been chemically synthesized 

21 for the detection of antibodies to HCV in body fluids, the 

22 diagnosis of NANBH, and for the vaccination of healthy mammals 

23 by stimulating the production of antibodies to HCV. These 

24 peptides are arranged in the following sequences: 

25 (i) EE.CSUIIL, PYIEQ.CMMLA, EQFKQ, KALGL, LQTAS, RQAEV, IAP-X <I> 

26 (ii) 1 1 , PDREV,IiYREF,DEMEE,CSQHL,PYIEQ,GMMLA, EQFKQ. KALGL-X (II) 

27 (iii) CV,VIVGR,WLSC,KPAII,PDREV,LYREF,DEMEE,CSQHL.PYI-X (HI) 

28 wherein X is -OH or -NH r 

29 These peptides may comprise combinations or segments, 

30 i.e. longer or shorter peptide chains by having more amino 
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1 acids added to tint teiminal amino acids, ui by amino acids 

2 removed from either terminal end. 

3 These peptides may also compi Isu ana I oijues to 
u accommodate strain-to-strain variations amony different 

5 isolates of HCV. HCV is indicated to have fienuent mutations. 

6 The i cf ore, it is expected that variant strains exist. 

7 Adjustments for conservative substitutions and selection ammiy 

8 the alternatives where non-conservative substitutions are 

9 involved, may be made in the prescribed sequences. It is 

10 expected that as long as the peptide's i rami no re act iv i ty 

11 recognizable by the antibodies to HCV is preserved, analoques 

12 of the synthetic peptide may also comprise substitutions. . 

13 insertions and/or deletions of the recited amino acids of the 
above sequence. 

15 These peptides may also comprise conjugates, i.e., 

16 they may be coupled to carrier proteins such as bovine serum 

17 albumin (OSA) or human serum albumin <HSA). Furthermore, these 

18 peptides may comprise polymers, i.e.. they may be synthesized 

19 on a polymeric resin, such as a branching octameric lysine 

20 resin. 

21 Tne am ino acid sequences of the polypeptides useful as 

22 test reagents for the detection of antibodies to HCV in body 

23 fluids and diagnosis of NANBH are selected to correspond to a 

24 partial segment of the amino acid sequence of the HCV protein 

25 • designated as HCV C-100. 

26 In selecting regions of the HCV protein for epitope 



analysis, peptides in the 40mer sire range with amino acid 
sequences covering the complete HCV C-100 protein were 
synthesized. These were tested for the their immunoreactivity 
with serum from a patient positively diagnosed with HCV 
- 16 - 
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1 Infection. Tin co ov«5il«PPin<> peptMes d-* inn* toil as I. II and 

2 in, w«rn identified lo have specific lamiw.itMftl vtly with M.« 

3 positive HCV serum. The amino acid sequences of peptides I. U 
6 and II arc as to Hows: 

5 

6 . . IiE.t:SUIIL ( l'YIEy.CMMU^.EOFKU.KAWI.J^TA:i.KgAKV.IAI'-«H 2 d> 

7 || ( n»l)HF.V,tYHErj)EMEEA:SUIM..rYIKy.(;MHI^,EVFKy 4 KAi;«:i.-NH 2 (II) 

8 <y . v i vgr , vvlsc; . kpa i i . h>hf.v . i.yhef . ichee . aiym.. rv i -mi z ( 1 1 1 ) 
9 

10 The UuC e peptidcs(I), (II) and (til) span a region 

11 of 70 amino acids: CV, VIVGR. VVLJW. KPAI I . PMZ V. LYREF, 

12 DEMEE . CSyilL , PY I E(J , GMMLA , EQFKQ , KALG L , LOTAS . RQAF.V , I AP , and were 

13 found to have specific immunoieactivity with the positive 

14 cuntiol serum. Table 1 shows the amino acid sequence of this 

15 . immunodominant region of the MOV protein, and presents the 

16 amino acid sequence of the three chemically synthesized 

17 peptides, designated as 1. II and III and segments (A to F) 

18 thereof. Each of these peptides was coated at Sug/mL in a 10mM 
I* sodium bicarbonate buffer ( P M 9.5) onto polystyrene microwcll 
20 plates and tested in a three step 45 minute enr.yme immunoassay 
21 

22 
23 
24 
25 
26 
27 
.28 
29 
30 
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> procedure. Scribed hctcinbelow. with a panel of MCV antl1>odv 

2 positive sera at various ~orum dilutions. Calcul at ions "sing 

3 on the overall EI A absorbance of all positive sc.a yielded an 

* a, ray of immmorcacl i v i • y indices represented as \ relative 

* i^unoieactivity for each of the synthetic HCV peptides. Two 

* peptides, designated as 11F and HID. being 40 mer and 30 net 

7 In sUe with the following amino acid sequence respectively: 

8 POREV . LYREF . DEMEE . CSQI1L , PYIEO. GMMLA . EQFKQ . KALGL ( 1 1 F ) 

9 and 

10 SC. KPAII.PDREV. LYREF. OEMEE.CSOHL.PYI (HID) 

»* were found to have the highest immunoreact ivi ty . The relative 

12 <%) immunorcactivity for each of the 19 HCV peptides listed in 

13 Table 1. as a result of this extensive epitope mapping study. 
" provided a basis for the delineation of several clusters of 

15 amino acid residues (as underlined), each in a prescribed 

16 sequence, that are involved in or relevant to the antigenic 

17 configuration of the HCV peptides. 

18 Assays for antibodies to HCV based upon chemically 

19 synthesized peptides show several advantages over assays 

20 utilizing biologic based immunoadsorbents . The peptides can 

21 easily be synthesized in gram quantities by using automated 

22 solid-phase methods, thus providing a reproducible antigen of 

23 high integrity with consistent yields. Isolation of antigens 
1U from biological systems precludes such reproducibility. More 

25 importantly, non-specific reactivities seen in uninfected 

26 individuals are likely due to the heterogeneity of the 

27 preparations used for assay. This is particularly true for 

28 assays using biologic based immunoadsorbents. In these 

29 processes, the host antigens are frequently co-purified with 

30 the desired viral protein(s). Antibodies to these 
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1 contaminating ant 190ns ate ficqucntly fount) in mutual 

2 individuals, lint.*; iur.ti1i.imj in 1 .1 l::c-|Hir.i » i v.- n'solls. 

3 The assay of the piesent invention clearly minimizes 

** sim:Ii r«ls«-|«».sil iv« read inns as unoiunteied in lira nilwi assay 

5 systems ant), at. the sane time, shows a hiuh sensitivity to 

* linly positive sera by the substantial ly imricased 

7 signal-to-noise tatio. This i nctcasod signal-to-noisc ratio 

8 likely results from the pmity of the inwrnttoadsoibunt . The 

9 assay of the present invention is also highly specific, in that 

10 the mean S/C ratios for tlCV carriers are about 80-200 times the 

11 mean S/C of those non- 1 nf err ml individuals. See Figs. 3-1 ami 

13 TJ , e peptides useful as solid phase imrmmoadsorbents 

lk for the detection of antibodies to HCV were synthesized by the 

15 -classical" Merrifield method of solid phase peptide synthesis 

16 using side chain protected t-Boc-aminu acids to correspond to 
* 7 the following amino acid seguences: 

18 EE, CSQHL, PY I EQ, GMMLA, F.QFKQ, KALGL , LOTAS , RQAFV , I AP-X (1) 

19 1 1 , PDREV. LYREF , DEMEE .CSQHL. PY I EQ , GMMLA, EQFKQ. KALGL-X (II) 

20 CV,VIVGR,WLSG.KPAH, PDREV, LYREF. DEMEE. CSQHL. PYI-X (HI) 

2 1 PUREV . LYREF , DEMEE. CSQHL , PY I EO • GMMLA. EQFKQ , KALCL-X ( I I F ) 

22 SG,KPA II. PDREV, l.YREF. DEMEE. CSQHL, PYJ-X (HID) 
2^ wherein X is -Nll 2 . 

2*» other analogues, segments, combinations of these 

25 peptides may be prepared by varying the amino acid sequences 



either by adding, subtracting, substituting, or deleting 
desired t-Boc-aioino acid(s). 

Following completion of assembly of the desired 
blocked peptide on the resin, the pept ide-rcsin is treated with 
anhydrous hydrofluoric acid to cleave the peptide from the 
- 20 - 
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1 renin. Funclinn.il groups of amino adds whirli ate blocked 

2 .hiring nynlhcsin by benzy 1-tlcf iv«d blocking groups arc also 

3 cleaved fruro the peptide s i*wiltaiieuii» I y . The fiee peptide *>" 

4 then analysed and purified by high performance liquid 

5 cinema lug raphy (IIPLC) and chai actus tied bi ucliemica lly by amino 

6 acid analysis. 

7 Longer peptides with moic than about 50 amino acid:; 

8 may be prepaied conveniently usino well known recombinant 

9 roc I ho dr.. The known nucleic acids codons for each of the amino 

10 acids in the peptide may be utilized and synthetic genes 

11 encoding such peptides constructed. The synthetic gene may he 

12 inserted into vector constructs by known techniques, cloned and 

13 transfected into host cells, such as E. coli, yeast. The 

14 secreted polypeptide may then be processed and purified 

15 according to known procedures. The peptides synthesized 

16 according to the above described procedure are highly reactive 

17 with antibodies to HCV and can be used as a highly sensitive 

18 and specific itnmu no adsorbent for the detection of antibodies to 

19 HCV. 

20 Figs. 1-1. 1-2. 1-3 and 1-4 show the amino acid 

21 sequences of the immunodominant region of a HCV protein and 

22 precisely delineates the underlined amino acid residues that 

23 contribute (— marginally, moderately, or strongly) 

1U to the iromunoreactivities, measured as A492nm by a peptide 

25 based EIA procedure of these HCV peptides with four 

26 representative HCV antibody positive sera. 

27 The peptide based EIA procedure is as follows. lOOuL 

28 per well of each of the peptides was coated of 5ug/raL in a pH 

29 9.5 sodium bicarbonate buffer (lOroM) onto a polystyrene 

30 microwell plate and the raicrowell plate was incubated as 37'C 

- 21 - 



1 for almiit hour, washed ««H Tim «ont r.ernm sample.-: 

2 • wore diluted with I'MS containing normal goat scrum, gelatin and 

3 twf.f.n 20. 200»t. of the test seiiim sample so hit ion was added to 

* earn well and allowed to react for 15 mins. at 37"C. The wells 
5 were washed and entyme labelled antibodies was used to bind the 

* HCV- antibody- peptide complex and incubated foi another 10 win. 

7 A coloi developer, e.g. or thopheny lencdi amine <OH» . was then 

8 added. The reaction was stopped after IS min by the addition 

9 of 50uL 1.0M H 2 S0 4 and the absoibance of the reaction 

10 mixture read at 492nm with an EMSA rcadei . 

11 . as demonstrated in Fig. 1-1. serum sample 1 has little 

12 reactivity with Peptide IA and IB. and marginal reactivity with 

13 Peptide 1C. However, its reactivity with Peptide ID increases 

14 significantly, followed by a marginal increase with Peptide IE. 

15 and an additional increase with Peptide IF. This indicates 

16 that in the HCV Peptide I series, two clusters of amino acid 

17 residues, namely EQGMM and EECSQ. are contributing to the 

* 8 antigenic determinant(s) of the HCV Peptide I. Similarly, a 
19 cluster of residues namely EECSQ is contributing to the 
M immunoreactivity of the HCV Peptide 11 series; and another 

21 cluster of residues namely SQKPg is contributing to the 

22 immunoreactivity of HCV reptide III series. As shown on the 

23 bottom of Fig 1-1. a total of four spaced clusters of amino 
2A acid residues representing discontinuous epitopes in this 

25 iflirmmodominant region of the HCV protein is identified as 

26 contributing to the specific HCV immunoreactivity with serum 

27 sample 1. 

2 8 Figure 1-2 illustrates an immunoreactivity profile for 

29 serum sample 2 when tested on a total of 19 overlapping 

30 peptides in the HCV Peptide I. IX, and III series. There is a 

- 22 - 



1 clear difference between the Immunorcact i v i ty ptofilcs of actum 

2 samples 1 anil 2. The immmmdnminnnt rpitope. as marked by 

3 tcMducs SGKTA and 1 1 PIMEF , is located tonal da the N-tcnninal 
* of the tegion. 

5 Figure 1-3 i I hist rat«a an Immunol nact i v i ty profile f'»i 

6 semm 3 when tested on the same 19 HCV peptide panel. Through 

7 this extensive epitope mapping analysis, ceium sample 3 was 

8 found to have a similai immunoreactivity profile to that of 
' serum sample 2. 

10 Figure 1-4 illusttatcs an immunoreactivity profile for 

11 serum sample 4 which differs significantly from thai of sample 

12 . 2 and 3/ while maintaining some similarity to that of sample 1. 

13 ln summary, epitope mapping anal/sis conducted with a 

14 series of ly overlapping peptides covering an immunodominant 

15 region of HCV, which spans a total of 70 amino acid residues as 

16 illustrated in Table 1, reveals a varying degree of 

17 immunoreactivity among different HCV antibody positive samples 

18 and these HCV peptides. Bases on overall E1A absoibance 

19 readings obtained with a panel of 0 HCV positive sera with each 

20 of these 19 HCV peptides (Table 2), a relative (\) 

21 immunoreactivity index is established for each of the peptides 

22 as several clusters of amino. acid residues are identified as 

23 contributing strongly, as in the case of PDREV; moderately, as 

24 in the case of SGKPA, EVLYREF, CSQHLPY1EQG; and LAEQFKQ, or 

25 marginally, as in the case of KQKAL, to the HCV 
2 ^ iosmmoreactivi ty. 



27 
28 
29 
30 
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* eased on the above-men! ioned epitope mapping stutly. 

2 two representative EI As weit> conliguratcd using either Peptide 

3 IIG alone, or a mixture of two Peptides II F and II ID as the 

* solid phase antigen. 

* Figs. 2-1 and 2-2 depict the comparison, l»y signal lo 
6 cutoff ratio, between the peptide ba^d HCV-EIA employing 

* Peptide IJG, at f> tig/mL coating concentration, and that of 

8 recombinant SOD/HCV C-100 protein based HCV-EIA. In Fig. 2-1, 

* a well-characterized HCV antibody positive control at various 
serum dilutions was used as the sample. In Fig 2-2, a panel of 
scrum specimens derived from serial bleedings of a single 
individual spanning a period of seroconversion to anti-HCV 
reactivity was used. Similar dilution titers and equal ability 
to identify date of seroconversion, the two parameters 
indicative of each assay's sensitivity, are obtained with the 
synthetic peptide based EIA according to the present invention 
and rDNA HCV C-100 based EIA. except that the peptide based 
assay according to the present invention is more sensitive, 
conferring a higher signal to cutoff ratio to its positive 
specimens. 

Fig. 3-1 and 3-2 depict the frequency distribution of 
22 the synthetic peptide based HCV-EIA signal to cutoff ratios, 
2 ^ using Peptide IIG at Sug/mL as the coating concentration, 

obtained with 264 normal serum and 264 normal plasma specimens 
from commercial sources. The mean s/c ratios for the negative 
(n-250) and screened out positive (i.e. n«14) serum specimens 
are 0.034 and 7.202 respectively; for the negative (n-255) and 
positive (n-9) normal* plasma specimens the mean ratios are 
0.084 and 7.089 respectively. A sharp contrast between the 
screened out positives and all the negatives is obtained with 
the peptide based HCV-EIA of the present invention. 
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1 Based on the high degree of sensitivity and 

2 specificity of the peptide composition according to the presftil 

3 invention in their immunoreactivities to antibodies to HCV, it 
* is believed that the peptide compositions according to the 

5 present invention may also be useful as vaccines to prevent 

6 nan OU , and as immunogens for the development of both monoclonal 

7 and polyclonal antibodies to HCV in mammals, including humans. 

8 The peptide compositions when coupled to a protein, or 

9 synthesized on a polymeric carrier resin (e.g., an octamnric 

10 lysine resin) or when polymerized to homo or hetero aimers m 

11 higher oligomers by cysteine oxidation, induced disulfied cross 

12 linking, or by use of homo or hetero functional multivalent 

13 cross linking reagents, can be introduced to normal subjects to 

14 stimulate production of antibodies to HCV in healthy mammals. 

15 T j ie advantages of usinu the peptides according to the 
1* present invention are many. 

17 Since the peptide composition according to the present 

18 invention is not derived biologically from the virus, there is 

19 no danyer of exposing the normal subjects who are to be 

20 vaccinated to the disease. 

21 The peptides can be chemically synthesized easily. 

22 This means that there is no involvement with the HCV at any 

23 time during the process of making he test reagent or the 

26 vaccine. Another problem which can be minimized by the process 
25 of the present invention is the false positive results caused 
2 ^ by the presence of antigenic materials from host cells 

27 co-purified with the HCV fusion protein. Certain normal 

28 individuals have antibodies to E. Coli or yeast proteins which 
2 ^ are cross reactive with the antigenic materials from host 

30 cells. Sera from these normal individuals may show a positive 
response in the immunoassays. 
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1 Further, with appropriate amino acid mndif i cat ions or 

2 substitutions, it is expected that vaiious peptide analogues 

3 based on the prescribed amino acid sequence can be synthesized 
* with properties giving rise to lower background leadings oc 

5 better binding capacity to solid phases useful for HCV antibody 

8 set coning assays. 

7 Moreover, because the peptide compositions of the 

8 present invention are synthetically prepared, the quality can 

9 be controlled and as a result, reproducibility of the test 
^ results can be assured. Also, since very small amounts of 

11 peptides are required for each test procedure, and because the 

12 expense of preparing the peptides is relatively low, the cost 

13 of screening body fluids for antibodies to HCV, diagnosis of 

14 NANBH infection, or the preparation of a vaccine is relatively 

" 10«. 

16 The peptides prepared in accordance with the present . 

17 invention can be used to detect HCV infection and diagnose 

18 NANBH by using them as the test reagent in an enzyme- 1 inked 

19 iramunoadsorbent assay (ELISA) , an enzyme immnnodot assay, on 
2 ^ agglutination based assay, or other well-known immunoassay 

devices. The preferred method is ELISA. The ELISA technique 
is exemplified in Example 1 and 2, and the agglutination based 
23 assay in Examples 3 and 4. The Examples are used to illustrate 
2 ** the present invention and are nut to be used to limit the scope 

25 of the invention. 

26 it is to be noted that in the following methods, 0.25\ 

27 by weight of glutaraldehyde may be added to the coating buffer 
to facilitate better peptide binding onto the plates or beads. 
Further, horseradish peroxidase (HRPO) conjugated mouse 
monoclonal anti-human IgG antibody or the HRPO conjugated 
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1 .second antibodies from any othei animal species may be used in 

2 place of the HRrO-conjugated yoat ant i -human luC as the second 

3 antibody tracer. 

* The gelatin used in these processes can include cm It 

5 skin gelatin, pig skin gelatin, fish gelatin or any known 

6 available gelatin proteins, or be replaced with albumin 
' proteins. 

8 

EXAtJP],E_jL 

9 

Measurement of Relative (\) Immunoreact ivity for 

10 synthetic peptide covering an immunodominant region of 

12 wells or 96-well plates were coated at «*C overnight 

13 {or 1 hour at 37«C), with each of the nineteen peptides: IA, 
U IB. IC. ID. IE. IF. IIA. IIB. IIC. IID. tIE. I1F. 1IG. UIA. 

15 i lie, 1I1C, HID, 11 IE, and II1F (see Table 1) prepared as 

16 desciibed at 5 ug/mL at 100 uL per well in lOmM Na HC0 3 

17 buffer, pH 9.5. The peptide coated wells were then incubated 

18 with 250 uL of 3% by weight of gelatin in PBS at 37«C for 1 

19 . hour to block non-specific protein binding sites, followed by 

20 three washes with PBS containing 0.05'* by volume of TWEEN 20 

21 and then dried. The test specimens were diluted with PBS 

22 containing 20\ by voiume normal goat serum, l\ by weight 

23 gelatin and 0.05* by volume TWEEN 20 at dilutions of 1:20 
lk volume to volume, respectively. 200 uL of the diluted 

25 ' specimens were added to each of the wells and allowed to react 

26 for 15 minutes at 37V 

27 Th€ we n s W ere then washed six times with 0.05\ by 

28 volume TWEEN 20 in PBS in order to remove unbound antibodies. 

29 Horseradish peroxidase conjugated goat anti-human IgG was used 

30 as a second antibody tracer to bind with the HCV 
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ah ti body -peptide antigen complex formed in positive wells. 100 
til, ut peroxidase labeled yoat ant i -human Iq'I at * dilution «>t 
1:11*00 in 1\ by volume normal goat serum. O.OfA by volume TWEEM 
20 in PUS was added to each well and incubated at J7*C for 
n not: ho i IS minuter. 

The wells were washed six timer, with 0.0f.\ by volume 
TWP.KH 20 in pns to remove unbound antibody and tenirrcd with 
lOOuL of the substrate mixture containing 0.04% by weight 
oithophenylenedi amine (OPO) and 0.12\ by volume hydrogen 
peroxide in sodium citiate buffer, pH 0.0. 

This substrate mixture was used to detect the 
peroxidase label by forming a colored product. Reactions weie 
stopped by the addition of 100 uL of 1.0M h* 2 S0 4 and the 
absorbance measuied using an EL ISA reader at 492nm (i.e. 
A 492 ). Assays were performed in singlet at one specimen 
dilution (i:20> with a panel of eight representative HCV 
antibody positive sera, along with the specimen diluent blank, 
negative, weak reactive and positive reactive controls all in 
duplicate. 

Results obtained from this study are shown in Table 
2. According to the E1A absorbance readings at 492nm (y axis) 
and the amino acid sequences for each of the corresponding HCV 
peptides (x axis), representative immunoreact ivi ty profiles aie 
plotted for four of the eight sera as shown in Figures 1-1 to 
1-4. Relative {\) itnrounoreactivi ty index for each of the 19 
peptides is calculated against Peptide HID, the one with the 
highest absorbance reading, based on the total absorbance of 
eight sera at 492nm (See Tables 1 and 2). - Fig. 1 shows the 
amino acid sequences of the immunodominant region according to 
data presented in Tables 1 and 2, and precisely delineates the 
- 29 - 



.imliiM acid icr.iiliHjr. (millet I i wnl) lh«t cmitt Unit 

(--- marginally. moderately, and strongly) to the 

hrauimrmiacti villus. 

In sumnaiy. epitope mapping analysis comhict.ed with a 
soiios.nf l!l nver Lipping peptides covering an iiwnmMtOnminaitt 
ret) Inn of IICV. spanning ft tot at of 70 amino acid residues as 
illustrated in Table 1, reveals a varying deuree of. 
immuno reactivities between different HCV antibody positive 
samples and these HCV peptides. Based on this study, sevcial 
di scout inuous epitopes are located within this immunodominant 
region. Contrary lo what is speculated by the conventional 
wir.dum, it is found preferably to have peptides with longer 
amino acid chains, ideally longer than 20, synthesized in order 
to optimally present these antigenic determinants to HCV 
anl i bodies. 

Based on the above-mentioned epitope mapping study, 
two representative ElAs using either peptide IIC alone or a 
mixture of two Peptides, I IF and I ID, as the solid phase 
antigen were configurated for the following efficacy studies as 
demonstrated in Examples 2 and 3. 

Detection of Antibodies to HCV by an 

Enz yjjifcr La ii.Ked_icrjmu oasa tfectut-As s.aj _ 

Wells of 96-well plates were coated at 4*C overnight 
(or for 1 hour at 37«C with either Peptide IIG aione at a 
coating concentration of 0.5ug per well (designated as IIG EIA) 
or with a mixture of two Peptides 1IF and HID (designated as 
IIF/IIID EIA) in a ratio by weight of IIF:III0-1:1 at lug per 
well of the mixture in 100 uL lOmM NaHC0 3 buffer pH 9.5. The 
peptide coated wells were then incubated with 250 uL of 3\ by 



1 wtMMltl gelatin in IMS at 37*i: fur 1 Iiwii »« l'li«:k 

2 nni.-r. P ct:i(ic protein binding sites, followed by thtee mote 

3 washes will. WIS t.rmUining 0.0!,\ hy volume of TWKKH 20 Ami 

4 .llhMl. 

5 The test specimens were diluted with MIS containing 

6 20\ by volume notmal goat seium. 1\ hy weight gelatin a.xl 0.0V 

7 by volume TWEEH 20 at dilutions of 1:20 volume to volume. 

8 respectively. 200 uf. of the diluted specimens wote added U» 

9 cni'li of the wells and 'allowed to react (or 15 minutes at 37*. 

10 Th0 wells were then washed six time:: with 0.05\ hy 

11 volume VWEEN 2 » in PBS ill oider to remove unbound antibodies. 

12 Horseradish peroxidase conjugated goat anti-human IgU was used 

13 as a second antibody tracer to bind with the HCV 

1A antibody-peptide antigen complex formed in positive wells. 1C 

15 uL of peroxidase labeled goat anti-human IgC at a dilution of 

16 1:1800 in 1\ by volume normal goat serum. 0.05* by volume TWEE 

17 20 in PBS was added to each well and incu baled at 37'C for 

18 another 15 minutes. 

19 T he wells were washed six times with 0.05\ by volume 

20 TWEEN 20 in PBS to remove unbound antibody and i-acted with 11 

21 ub of the substrate mixture containing 0.04\ by weight 

22 orthophenylenediamine (0P0) and 0.12\ by volume hydrogen 

23 peroxide in sodium citrate buffer, pH 5.0. This substrate 
1U mixture was used to detect the peroxidase label by forming a 

25 colored product. Reactions were stopped by the addition of 1 

26 ub of 1.0M H 2 S0 4 and the absorbance measured using an ELISA 

27 reader at 49Zum (i.e. A 4V2 >- Assays were performed in 

28 singlet at one specimen dilution (1:20) with all test 

29 specimens. Each plate run is accompanied by a panel of eight 

30 controls including the specimen diluent blank, negative, weak 
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1 m:v reactive Anil strong IICV reactive control.-!, nil in 

2 duplicate. Tlit* strony leAClive control was .vlju.si.eO by 

3 diluting a IICV position setum in the specimen dilution buffet 

4 .it 1:300. which gave an abr.or hmicu value At 4 9 2nm of abuut 1.5 

5 when performed in Mils KtAiuKiid 4'j minute Assay pioceduic. A 

6 ciitiitC value is calculated based on the following formula: 

7 Cut off - (0.1 x SPC) « HMC. Doth the inw abftut banco 

8 (designated as signal) and the ratio of signal to cutoff arc 
' locoided for all specimens analyzed. 

10 The following groups of specimens were analyzed on 

11 either the HCV peptide based EI A accntding to the present 

12 invention, with the plates coated either with 5 t-g/mL of 

13 peptide 1 1G or a mixture containing Ouy/mL 1 IF and Sug/mL IID: 
U 

15 („) a well-characterized IICV antibody positive control 

16 based on serum di lut ions ; (on both I IG and 1IF/IHD 
12 ElAs) 

18 (b j a panel of serum specimens derived from serial 

19 bleedings of a single individual spanning a period of 

20 seroconversion to anti-HCV reactivity; (on both 11<; 

21 and I IF/11 ID plates) 

22 j c j 264 normal serum and 2C4 normal plasma specimens toim 

23 commercial sources; (on I IG plates only) 

24 ( d) individuals positive for IIBsAg. (n-30); (on both 1 1** 

25 3n a I if/I I ID plates) 

26 (e ) individuals positive for antibodies to HOC protein. 

27 (n-i9); (on both IIG and IIF/IIIO plates) 

28 ( f ) individuals with elevated O100 I.U./L) alanine 

29 aminotransferase (ALT) enzyme activity, (n-174); (on 

30 both IIG and IIF/IIIO plates) 
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1 (q) individuals positive for ant (bodies to iclrovl t unci 

2 H1V-l<ti.lO0). IIIV-2(n-I0). IITLV- I / 1 1 (n- H ) ; all 

3 asymptomatic, dotal it- 124); (on both I W *nd 11F/II1I» 
u plains) 

5 (h) individuals with All>S. AKC(n-200) or ATL <n-170) 

6 disease, (tnt.il M-?.7n); (nn 1ml h I If: anil I IF/1 1 lf» 
' plates) and 

8 (J) individuals with autoimmune disease (ti-20). (on 110 

plates only) 

10 (j) recombinant SoO/MCV C-100 HCV-E1A tepeatably teaclivu 

11 specimens obtained from a random donor population. 

12 (n-23). (on both 110 and 1IF/IHU plates). 

1* Resu.Us obtained from groups (a) and (b) are presented 

15 in Figs. 2-1 and 2-2 respectively (data obtained on I IG plates 

16 only), from group (c) "in Figs. 3 r l and 3-2;"from groups (d). to 

17 (i) i„ Fi g . 4, from group (j) in Table 3 and Figs. 5 and fi. 

18 ln ^ieC, as shown in Figs. 2-1 and 2-2, a comparison, 

19 by signal to cutoff ratio, betweeo the peptide based HCV-E1A of 

20 the present invention employing peptide 1IG and that of 

21 recombinant SOO/HCV C-100 protein based HCV-EIA produced by 

22 Oh ir on/Or tho. Similar dilution titers and equal ability to 

23 identify date of seroconversion, the two parameters indicative 
26 of each assays sensitivity, are obtained for both assays. 

25 However, the assay according to the present invention is more 

26 sensitive and confers a higher signal to cutoff ratio to its 

27 

' positive specimens. 



28 
29 
30 
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1 

2 Tnble ) 

U rWU Peptide 

SAHD.E HCv" *n" ALT *:,H.HBC «™» H ^"" A 

* ||) No s/c s/c s/c uu/u (S/C> POSITIVES S/C 



6 

7 ! «n s'.76 5.56 5.56 78/58 0.07. HRC.M.T 



0. 172 
0.115 
HRC.M.T 11 



10 J „ 3 5 ' S6 5^8 5.M 86/56 2-07 II IV, ALT «.*2S 
J „; 3 . 79 4 .35 ..29 74/56 O.M. HOC. ALT 1.802 

11 10 869 5.66 5.59 5.59 15/56 2.45 9-1SS 
U 673 5.66 5.59 5.59 26/56 2.34 

12 n 100 , ,..3 1.24 1.01 31/56 

n , n73 5.73 5.59 5.59 17/56 0.12* HBC 2. .94 

*3 14 10»9 1.72 1.76 1.94 10/56 l.M 0.083 

„ 15 1118 5.59 5.79 5.79 10/56 0.11. HBC 10.. 

U 16 1336 0.93 1.38 l.M 2 < 15 

it 17 1501 5.75 5.67 5.67 36/56 1.99 5.349 

« 18 1530 1.27 1.48 1.50 23/56 2.30 0.943 

„ 19 1557 0.91 l.» 1.28 20/56 2 20 0.385 

16 20 1652 2.06 2.64 2.72 42/56 .72 0.135 
„ 21 1677 5.59 5.63 5.63 65/56 2 6 ALT 4.94 

17 2 2 1Q40 1.64 1.47 1.11 29/S6 2.35 0.052 
23 2017 5.60 5.84 5.84 11/56 0.19. HBC 6.78b 

18 

19 " 

Col. 1.2,3.=Ortho's HCV results in s/c: Col 5-ALT values over «">ff in "J£« 

20 Col. 6rAbbott« . A«ti-HBC results in s/c -here results UHDER 1.00 are POSITIVE 

21 due the competitive binding principle of this assay. 

22 
23 

2* 
25 
26 
27 
28 
29 
30 



1 As shown in Figs. 3-1 and 3-2, the frequency 

2 di:;ti ibiit ion of the IICV-F.IA signal to cutoff rati...*, usintt 

3 peptide IIG at SiiuVmL as the coating concentration, that was 

* obtained with 264 normal senna and 2f.4 noimal plan ma specimens 

5 for commctcial sources suggested a repeatably reactive rate of 

6 . 5,3\ and 3.4\ respectively. Thcsn percentages are relatively 

7 high compared with those reported In field clinical trials 

8 (usually 0.5-1. OA) using the rDNA HCV C-100 based EIA Kit 

9 (Chi r on/Or t ho) . However, in the assay according to the present 

10 invention, the mean s/c ratios for the negative (n-250) and 

11 screened out positive (i.e. n-14) serum specimens are 0.034 and 
A2 7.202 respectively; Cor the negative (n-255) and positive (n-9) 

13 normal plasma specimens the mean ratios are 0.0A4 and 7.089 

14 respectively. Such a sharp contrast between the screened out 

15 positives and all the negatives probably precludes the 

16 likelihood of a high false positive rate. Since the source of 

17 these normal specimens are derived from commercial plasma 

* 8 centers where the paid donors usually represent a population 

W with higher incidence of viral markers than the rigorously 

20 monitored blood banks, a higher repeatably reactive rate is 

21 also considered reasonable. Previous clinical studies 

22 indicated that between 7 to 10 percent of patients receiving 

23 transfusions developed NANBH, where 90\ of these 

2t * post-transfusion hepatitis cases are caused by the NANBHV(S). 

2 ^ These reports also provide some support to the interpretation 

26 . of the data obtained herein that a high reactivity represents a 
27 

*' true positive result. 

28 Results obtained from the screening of a total of 677 

29 well-characterized clinical specimens previously categorized 

30 into six groups, from (d) to (i) using a representative lot of 
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1 plnles coated with Port I !'•# woio ploUed on a histogtam as 

2 shown in Fig. 4. 

3 Fifteen out of fitly (i.e. 30\) MBsA.j carriers, 3 out. 
* of J9 (i.e. 8\) MUc antibody positive individuals, 43 out of 

5 . 174 (i.e. 24. 7\) individuals with elevated ALT onxymi activity, 

6 0 out. of 124 (6.5\) asymptomatic individuals with retroviral 

7 antibodies, fi out of 270 (i.e. 2.2\) individuals with 

8 retroviral related disease, and 0 out of 20 (i.e. Q\) 

9 individuals with autoimmune disease were found to be repentably 

10 reactive with the peptide HCV EIA of the present invention 

11 using peptide IIC. All these positive specimens were also 

12 " found to be positive when tested on peptides I1F/U1D HCV EIA, 

13 although with much higher s/cutoff ratios. 

14 A much higher percentage of positive cases was found 

15 with those who have abnormal liver functions (24. 7\) or 

16 previous infection(s) with Hepatitis B (30% and 8\) when 

17 compared tc those with other infections or diseases (e.g. f..5\. 

18 2.2\ and 0\> . 

19 Nole: S era ftotn HBsAg cairiers were kindly provided by the 

20 infectious Diseases Laboratory of the American Red 

21 Cross; sera from HBc antibody positive donors were 

22 obtained from Boston Biomedic Inc.; sera from 

23 individuals with elevated ALT levels (>100 l.U./L) 

24 were obtained from both Boston Biomedic Inc. and nabl 

25 - laboratory; sera from asymptomatic individuals with 

26 retroviral antibodies (Hiv-l and HTLV-l) were obtained 

27 from ;<ew York Blood Center, and those with HIV-2 

28 antibodies were from. Guinea Bissau of West Africa, 

29 kindly provided by Dr. 0. Varnier of Italy,; sera from 

30 patients with ATL were kindly provided by the Japanese 
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1 Red Cross; sera (mm patients with AIDS an J ARC, were 

2 Kindly provided by Dr. D. Knowles at Columbia 

3 University Col I eye ot Physicians and Surgeons, and Ui . 
* F. Siega] at the Long island Jewish Hospital; sera 

5 from pal ients with various compl ieni ions oC autoimmune 

6 diseases were kindly provided by Dr. H. Chiorazzi pt 

7 the Cornell University Medical School. All sera have 

8 been characterised by additional licensed serologic 

9 markers before inclusion in the current study. 

10 Table 2 illustrates results obtained with the peptide . 

11 based HCV EIA described in this invention on a panel of 23 

12 recombinant HCV EIA repeatably reactive specimens obtained from 

13 a random donor population. Data on each specimen's ALT level 

14 and IIBC antibody reactivity are provided as supplemental 

15 information for indirect confirmation of NANBH status or Jrhe 
positive donors. As can be seen from the Table, all eight 

17 specimens with indirect confirmation of Its NANBH status scored 

18 positive in the peptide based EIA according to the present 

19 invention (on both 1IG and IIF/UID plates). In addition, four 

20 specimens that scored high on the peptide based assay also 
21 . scored as strong positive by the recombinant HCV EIA, thus 

22 . further confirm the HCV positivity of these specimens. The 

23 remaining ten specimens that scored negative by the peptide 

26 based EIA according to the present invention all had a marginal 

25 s/cutoff ratio of between 0.9 to 2.6. Fig. 5 provides a direct 

26 conelation between the peptide based HCV-EIA of the present 

27 invention and the recombinant based HCV EIA by their respective 

28 s/cutoff ratios for this panel. Thus, the peptide based HCV 

29 EIA of the present invention can clearly differentiate the 

30 repeatably reactive specimens previously screened out by the 
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1 rl'NA bi.scd IICV El A into two distinct groups, a positive group 

2 which correlated highly to Miose with other known NANPH ma i ken: 

3 and a negative group which pmbably represents specimens with 

4 extraneous reactivities unrelated to IICV. In nildition tn its 
* use as a screening assay, the peptide based IICV E1A may also 

6 (unction as a positive confirmatory test fur the rl»NA based HCV 

7 EI A. 
8 

' Nofcu: This wel 1-choracter ized serum panel wos kindly 

10 provided by Dr. C. Fang of the American Red Cross QC 
11 



12 

13 

16 

15 

16 

17 

18 

19 

20 

21 

22 
23 
2U 
25 
26 
27 
28 
29 
30 



laboratory. 

Detection of Ant. i bodies to HCV 
fly_ JWUAflaluJLU?*; io.rU_a ss.d_A.ss a y 

The presently claimed HCV peptides, synthesized 
according to the Merrifield solid phase method, can be 
conjugated to bovine serum albumin (BSA) by a simple 
crosslinking method in the presence of a low percentage of 
glutaraldehyde solution (0.025V), or with other crosslinking 
reagents such as in-maleimidobenzoy l-N-hydroxysuccinimide ester 
(MBS) according to a previously published procedure 
(Piochemistry, 18:690-697, 1979). For example: to 0.32 ml,, of 
a 0SA solution (10 mg/mL in 0.01 M phosphate buffer, ph 7.0) at 
room temperature is aoded 0.013 mL of an MBS solution (0.025 
mg/mL in dimethylf ormamide) . The amount of MBS added to the 
BSA solution can be varied dependent on the optimal molar ratio 
of DSA to MBS determined for a specific conjugate studied. The 
mixture is stirred at room temperature for 1 hour, after which 
it is centrifuged to remove any precipitated albumin. The 
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1 clarified mixture is then subjected to gel filtration on 

2 Sephadex G-25 and the protein-containing fractions, as detected 

3 by their absorbance at 280 nm, are pooled and stored frozen at 

* -70'C until needed. 

* The peptides are dissolved in HjO at 10 mg/mL. A 

6 predetermined amount of each peptide solution is added dropwise 

7 to the previously activated BSA-MBS solution and stirred at 

8 room temperature for 3 hours. The final pcptide-BSA conjugates 

9 are separated from other free peptides by gel filtration or 

^ extensive dialysis. The ratio of peptide to BSA is determined 
by SUS-PACE according to conventional methods. 

12 Using the above mentioned peptide-PSA conjugation 

13 process, conjugated peptide IIG-BSA was absorbed to double 
aldehyde fixed human 0 erythrocytes at pH 4.0. The 
peptide-conjugate coated erythrocytes were then treated with 

16 NaBM 4 to prevent non-specific protein binding. The 

* 7 peptide-conjugate coated erythrocytes were then washed with PBS 

18 and incubated with 5\ normal human serum-PBS solution. These 

19 processed cells were then used in an agglutination assay for 

20 the detection of HCV antibodies in both serum and plasma 

2 * specimens. The specimens were diluted 1:10 in a sample diluent 

22 buffer and an equal volume of the indicator cells (50 uL) was 

23 mixed with the diluted specimens. The agglutination pattern 

2 * was settled within one hour; and the assay results were read by 

2 * the naked eye and further quantitated by an optical device 

26 (manufactured by Olympus Corporation) which gave a P/C ratio. 

27 as determined by the absorbance readings of the periphery and 
2ft 

center of the wells. In this experiment, a P/C ratio of 20 was 

29 

set as the assay cutoff value, i.e. a positive agglutination 
30 pattern had a ratio of 20 and a negative pattern, 20. 
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6 
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6 

9 
10 
11 
12 

13 EXAMPLE-! 

14 Detection of Antibodies to HCV oy An 
Agglutination Assay Utilizing As the Solid Phase 

15 Immunosorbent Gelatin Particles, Erythrocytes 

J Of Different Animal Species, Or I.atex Particles 

1 6 . X^^_wiUL^a_flwtgr_e._^JlCy_j&epJ;iiJ<?5. 

17 
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A total of 20 r PNA HCV EIA repeatably reactive 
specimens were tested. for antibodies to HCV in the 
above-described HCV passive hemagglutination assay ( PHA) 
employing Peptide IIC-DSA conjugate as the solid phase. Fi'juie 
6 pi ov ides a correlation study between the peptide based HCV 
PHA and the recombinant based HCV EIA (available from 
Chi ron/Oi tho) by their respective P/C and s/cutoff ratios. All 
samples with s/c EIA ratios higher than 3 were found to be 
positive with the HCV PHA test, with the exception of one, all 
specimens having boarderline s/cutoff ratios (between 0.9 to 2) 
scored as negative in this PHA test. 



One mL thoroughly washed erythrocytes, gelatin 
particles, or polystyrene latex particles are coated with the 
HCV peptide mixture, or conjugates thereof at an effective 
concentration. The peptide mixture, or conjugates thereof, 
coated cells or particles are then incubated with serially 
diluted serum samples in the wells of a 96-well U-shaped 
microplate or on a slide. After being left at room temperature 
for about an hour, or a few minutes in the case of latex 
particle based microagg lutination, the settled agglutination 
pattern on the bottom of each well or on the slide is read; and 
the highest dilution showing .a positive reaction is recorded. 

This is a one-step assay which can be used for both 
qualitative and quantitative detection of antibodies to HCV in 
specimens including sera or biofluids. 
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A test kit for detecting HCV ant. i bodies using 'an 
agglutination assay comprises a compat tine n ted enclosure 
containing multiple tnicrowell plates and other accessory 
materials for an agglutination assay including U> a bottle of 
HCV peptide coated erythrocytes, gelatin particles or latex 
polystyrene particles; (2) a negative control; and, (3) an 
inactivated HCV positive control, and (4) specimen diluent. 
The procedure described in Examples 3 and 4 is to be followed. 



An enzyme immunoassay based diagnostic test kit for 
the detection of HCV antibodies can be constructed. The test 
kit comprises a compartmented enclosure containing multiple 
96-well plates coated prior to use with the HCV peptide or 
peptide mixtures of the present invention in 100 uL pH 9.5 lOtnM 
NaHC0 3 buffer. The kit further comprises mater ials for 
enzyme detection in separate sealed containers consisting of: 
1) a negative control; 2) an inactivated HCV positive control; 
3) specimen diluent; 4) peroxidase labeled-second antibody to 
human IgG; and 5) a color change indicator consisting of, for 
example, orthophenylenedtamine (OPD) and hydiogen peroxide in a 
phosphate citrate buffer. The procedure described in Examples 
1 and 2 is to be followed. 

In this test kit, 96-well plates, precoated with a 
peptide or peptide mixture of the present invention, can be 
replaced by polystyrene beads, or multiple mini-columns filled 
with controlled pore size glass beads, or nitrocellulose paper 
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1 strip, precoated with the peptides of the present invention for 

2 use as the solid phase imuunosorbent . 
3 

U 

Immunisation with Octamerlc HCV 
5 Peptides for the Elicitation of Sustaining High 

. XjLt.eLS._yX-KCy^AatiUo.di.es. 

6 

7 In addition to the use of synthetic HCV peptides as 

8 immunogens for the generation of sequence-related anti-HCV 

9 antibodies for the ultimate development of an epi tope-based 

10 subuni.t NANBH vaccine, another approach using a limited 

11 sequential propagation of a t r i f unct ional amino acid lysine to 

12 form a core that serves as a low-molecular weight matrix 

13 carrier for peptide immunogens can also be applied. The 
" trifunctional amino acid, Boc-Lys (Boc) , is particularly 

15 suitable since both N^and N-^amino groups are available as 

16 reactive ends. Thus, sequential propagation of Boc-Lys(Boc) 

17 will generate 2 n reactive ends. The first level coupling of 

18 Boc-Lys(Boc) will produce two reactive amino ends as a bivalent 

19 carrier. The sequential generations of a second and third step 

20 with Boc-Lys(Boc) will produce carriers containing 

21 four(tetra-valent), and eight (octa-valent) reactive amino ends 

22 to which peptide antigens are attached. 

23 xne HCV peptides as described in this invention can be 
2U incorporated onto this carrier system as illustrated below for 

25 the development of sustaining high titer HCV antibodies in 

26 mammals, including humans. 
27 

28 
29 
30 
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1 HCV peptide 

2 hcv peptide K 

I© 3 HCV peptide K 

m v 

!4 HCV peptide 

5 • hcv peptide K 

" K 

I 6 hcv peptide 

• ^ 7 hcv peptide K 

* K 
8 hcv peptide 

i * . 

j 10 Octameric HCV peptides oC the present invention (Table 

11 1) using the solid phase method o£ Merrifield are synthesized 

12 by an automated peptide synthesizer, either Applied Biosystems 
|^ 13 (ABI) Mod cl 430A. or Biosearch Model 9500. 

i 1* Both acid-labile ter t-butyloxycar bony 1 (t-Boc) and 

15 acid-stable groups are used for the protection of N-xamino acid 

16 and the functional side chains of the amino acids during the 

i 

' ^ 17 synthesis, respectively. The octameric peptides are 

18 synthesized by coupling onto a synthetic octamer resin. 

19 An octamer resin is prepared by coupling di-t-Boc Lys 

20 onto 0.14 mmol/g MBHA (4-Methyl benzhydrylamine) resin. 

21 (Biosearch 9500 is used for this preparation due to its 

22 flexibility in scales). Di-Boc Lys single coupling is followed 

23 by two capping reactions (e.g. 0.3M Acetyl imidazole in DMF 
2U dimethylforroamide). The substitution level of synthetic 

25 octamer resin is determined by Ninhydrin Test. 

26 Duncan Hartly random bred female guinea pigs (two per 
immunogen), weighing 400-500 gms, are used as the hosts. For 
initial immunizations, an aliquot of 100 ug octameric HCV 
peptide in 0.5 mL PBS is mixed with an equal volume of complete 
Freund's adjuvant and injected into each animal both 
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A 



subcutancously ami hit radeimal ly over multiple sites. After 
two to three weeks of rest, an identical dosage o( the same 
immtmogen is given as a boost into each animal except that 
incomplete Freund's adjuvant is used. The animals are bled by 
heart puncture periodically to monitor each serum's anti-HCV 
titers. Subsequent booster shots are given periodically. 

It is to be understood that the above examples are 
illustrative of the present invention and are not meant to 
limit the scope thereof. 
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I WE CIJUM: 
2 

3 1. A peptide composition comprising a peptide with 

* an amino acid sequence selected from the group cuiis istimi vl : 

5 (i) EE , CSQHL , PY I EQ , CMMLA , EQFKQ , KALCL , LQTAS , 

6 RQAEV,IAr-X (!) 

7 (ii) 1 1 , PDREV , LYREF , DEMEE , CSQHL , PY 1 EQ , GMMLA . 

8 EQFKQ, KALGL-X (II) 

9 (iii) CV, VI VCR, WLSG.KPAI I. PDREV, LYREF, DEMEE, 
10 CSQHL,PYI-X 

II wherein X is -OH or -NH 2 ; and 

* 2 (iv) analogues, segments, mixtures, combinations, 

13 conjugates and polymers thereof. 

1* 

15 2. A peptide composition according to Claim 1 

^> comprising a combination of Peptides I, II and III and having 

17 the amino acid sequence: 

18 CV . VIVGR , VVL.SG . KPA 1 1 , PDREV , LYREF , DEMEE , CSQHL , PY I EQ , 
W CMMLA , EQFKQ, KALGL. LQTAS , RQAEV , IAP-X 

20 wherein X is -OH or -NH 2 and analogues thereof. 
21 

22 3. A peptide composition according to Claim 1 

23 comprising a segment of Peptide U and having an amino acid 
^ sequence selected from the group consisting of: 

25 (i) CSQHL , PY I EQ , GMMLA , EQFKQ , KALGL-X ; 

26 (ii) DEMEE, CSQHL, PYIEQ, GMMLA, EQFKQ, KALGL-X; 

27 (iii) LYREF, DEMEE, CSQHL, PY I EQ, GMMLA, EQFKQ, KALGL-X; 

28 (iv) PDREV, LYREF, DEMEE, CSQHL, PY1EQ, GMMLA, EQFKQ, 

29 KALGL-X; 

30 wherein X is -OH or -NH 2 and analogues thereof. 
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I 

1 4. A peptide composition according to Claim 3 and 

2 having an amino acid sequence as follows: 

3 PDREV . LYREF . DEMEE . CSQHL , PYIEQ.GMMLA, EQFKQ, KALGL-X 

4 wheroin X is -OH or -NH 2 or an analogue thereof. 
5 

6 5. A peptide composition according to Claim 1 

7 comprising a segment of Teptide III and having an amino acid 

8 sequence selected from the group consisting of: 

9 (J) 1 1, PDREV, LYREF, DEMEE. CSQHL, TY I -X; 

10 SG.KPAl 1, PDREV, LYREF, DEMEE. CSQHL, PYI-X; 

11 (iii) GR, VVLSG.KPA 1 1, PDREV, LYREF, DEMEE. CSQHL, PY I -X; 

12 wherein X is - OH or -NH^ and analogues thereof. 
13 

14 6 . a peptide composition according to Claim 5 and 

15 having an amino acid sequence as follows: 

16 SG ( KPAI I , PDREV , LYREF, DEMEE, CSQHL, PY I -X 

17 wherein X is -OH or -NH 2 or an analogue thereof. 
18 

19 7, a method of detecting, in body fluids, antibodies 

20 to hepatitis C virus <HCV) or diagnosis of HCV infection or 

21 HANBH comprising the steps: 

22 Preparing a peptide composition according to 

2 3 claim 1; 

24 using an effective amount of the peptide 

25 composition as an antigen to form a complex 

26 with antibodies to HCV or NANBHV; 

27 (iii) Detecting the presence of the complex of 

28 peptide with antibodies to HCV or NANBHV by an 

29 enzyme linked immunosorbent assay, an 
30 
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1 immu no radiometric assay or an ago hit I nat i on 

2 assay or other immunoassays . 
3 

<• 0. A method according to Claim 7 wheie in the 

5 peptide composition is coated on a solid substrate. 

6 

7 9. A method according to Claim 8 wherein the step 

8 of detecting the presence of the complex of peptide with 

9 antibodies to HCV or NANBI1V is by means of an enzyme linked 
10 immunosorbent assay. 

11 

12 l0 . a method according to Claim 7 wherein the 

13 method ot detecting the presence of the. complex of peptide with 
u antibodies to HCV or NANBHV is by using an immunoradiometric- 

assay. 

16 

17 u. a method according to Claim 7 wherein the 

*8 method of detecting the presence of the complex of peptide with 

19 antibodies to HCV or NANBHV is by an agglutination assay. 

20 

21 12. A method according to Claim 7 wherein the 

22 peptide composition is a combination of peptides I. II and lit. 

23 and having the amino acid sequence: 

24 cv , V I VCR , VVLSG , KPAI I , PDREV , LYREF , UEMEE . CSQHL , PYI EU , 

25 GMMLA , EQFKQ , KALGL . LQTAS . RQAEV , IAP-X 

26 wherein X is -OH or -NH 2 or an analogue thereof. 
27 

28 13. A method according to claim 7 wherein the 

29 peptide composition comprises a segment of Peptide II and has 

30 an amino acid sequence selected from the group consisting of: 
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1 (D csohl.pyieo,«:mmi*a,eofko.kalgi.-x; 

2 (ii) DEMEE.CSQHL, PYIEQ,GMMLA, EQFKQ, KALCL-X; 

3 . (iii) LYREF, DEMEE, CSQML, PYIEQ,GMMLA,EQFKQ, KALGL-X; 

4 ( i v ) PDREV , LYRE F . DEMEE . CSQHL , PY t EO . GMMLA , EQF KQ , 

5 KALGL-X : 

6 wherein X is -OH or -NH^ and analogues thereof. 
7 

8 14. A method according to claim 7, wherein the 

9 peptide composition comprises a peptide having an amino acid 
*° sequence: 

1 1 porev , LYREF , DEMEE , CSQML , PY 1 EQ , GMMLA , EQFKQ, KALGL-X 

12 wherein X is -OH or -NH 2 or an analogue thereof. 
13 

H 1S . A method according to claim 7 wherein the peptide 

15 composition is a segment of peptide III and having an amino 

16 acid sequence selected from the group consisting of: 

17 (j) II , PDREV, LYREF, DEMEE, CSQKL, PYI-X; 

18 (ii) SCKPA 1 1, PDREV, LYREF, DEMEE, CSQKL, PY I -X; 

19 (iii) CR,VVLSG,KPA1I, PDREV, LYREF, DEMEE, CSQKL, PYI-X; 

20 wherein X is -OH or -NH 2 and analogues thereof. 
21 

22 16 . A method according to claim 7 wherein the peptide 

23 composition comprises a peptide having an amino acid sequence: 

24 SG $ kpai I , PDREV , LYREF , DEMEE , CSQKL , CSQKL , PY1 -X 

25 wherein X is -OH. or -NH 2 or an analogue thereof. 
26 

27 17> Antibodies to HCV or NANBHV produced by using as 

28 an immunogen a peptide composition comprising a peptide with an 

29 amino acid sequence selected from the group consisting of: 



30 • 
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1 (i) EE , CSQ1I L , PY 1 EQ, GMMLA , EQFKQ, KAI*GL , LQTAS . 

2 RQAEV, IAr-X (1) 

3 1 1 , PDREV, LYREF, DEMEE. CSQHL. PYIEQ, GMMLA, 

4 ' EQFKQ. KALGL-X (II) 

5 (iii) CV. VI VCR, VVLSC.KPA 1 1, PDREV. LYREF, DEMEE. 

6 CSQHL.PYI-X <^^, f 

7 wherein X is -OH or -NH 2 ; and 

8 (iv) analogues, segments, mixtures, combinations, 

9 conjugates and polymers thereof. 
10 

11 Antibodies to HCV or NANBHV according to claim 17 

12 wherein the immunogen comprises a combination of Peptides I. II 

13 and III and having the amino acid seguence: 

14 CV , V 1 VGR , WLSG , KPAII , PDREV, LYREF, DEMEE . CSQHL , PY I EQ , 

1 5 GMMLA , EQFKQ , KALGL , LQTAS , RQAEV , 1 AP-X 

16 wherein X is -OH or -NHj and analogues thereof. 
17 

18 19 . Antibodies to HCV or NANBHV according to claim 17 

19 wherein the immunogen comprises a segment of Peptide 11 and 

20 having an amino acid sequence selected from the group 

21 consisting of : 

22 (i) CSQHL, PY I EQ, GMMLA, EQFKQ, KALGL-X ; 

23 DEMEE , CSQHL , PY I EQ , GMMLA , EQFKQ , KALGL-X J 

2U LYREF, DEMEE, CSQHL, PY I EQ, GMMLA, EQFKQ, KALGL-X; 

25 (iv) PDREV , LYREF , DEMEE CSQHL, PYIEQ, GMMLA, EQFKQ. 

2f > KALGL-X; 

27 wherein X is -OH or -NH, and analogues thereof. 
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1 20. Antibodies to HCV or NAN8HV according to claim 19 

2 wherein the inwunogen comprises a peptide c«n>|K>nUion havinu ;m 

3 amino acid sequence as follows: 

* TDREV , LYREF . UEMEE , CSQHL, PY I EQ . OMMLA , EQFKQ , KALCL-X 

0 

5 wherein X is -OH or -NH 2 or an analogue thereof. 
6 

7 21. Antibodies to HCV or MANBHV according to claim 17 

8 whciein the iimnunogen comprises a segment ot Peptide III and 

9 having an amino acid sequence selected from the group 
*° consisting of: 

11 <i) 1 1 , PDREV, LYREF, DEMEE, CSQKL, PYI-X; 

12 (ij) SG.KPAl J , PDREV, LYREF, DEMEE, CSQKL, PYI-X; 

13 ' ( iii) GR, WLSG, KPAI I , PDREV, LYREF, DEMEE , CSQKL, PYI-X; 

14 wherein X is -OH or -Nh 2 and analogues thereof. 

15 22. Antibodies to HCV or NANBHV according to claim 21 

16 wherein the immunogen comprises a peptide composition having an 

17 amino acid sequence as follows: 

18 SG, KPAI I , PDREV . LYREF , DEMEE , CSQKL, PYI-X 

19 wherein X is -OH or -NH 2 or an analogue thereof. 
20 

21 23. A vaccine composition to prevent HCV infection or 

22 NAMBH by using, as an immunogen. a peptide composition 

23 comprising a peptide with an amino acid sequence selected from 

24 the group consisting of: 

2 * <i) EE,CSQHL, tYIEQ,CMMLA, EQFKQ, KALGL, LQTAS, 

26 RQAEV.1AP-X (I) 

27 (H) 1 1 , PDREV , LYREF , DEMEE , CSQHL , PY 1 EQ , GMMLA , 

28 EQFKQ, KALGL-X (II) 
29 
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1 (iii) CV,VIVCR.VVLSG,KPAII,PDREV,LYREF.DEMEE, 

2 CSQHL, PYI-X (III) 

3 wherein X is -OH or -NH^ ; and 

4 (iv) analogues, segments, mixtures, combinations, 

5 conjugates and polymers thereof. 
6 

7 24. A" vaccine composition according to claim 23. 

8 wherein the immunogen comprises a combination of Peptides I. II 

9 and III and having the amino acid sequence: 

10 cv^viVGR.WLSO.KPAII.PDREV^LYREF.DEMEE.CSQHL.PYIEO, 

11 GMMLA, EQFKQ, KALGL , LQTAS , RQAEV , IAP-X 

12 wherein X is -OH or -NH 2 and analogues thereof. 
13 

U 25. A vaccine composition according to claim 23, 

15 wherein the immunogen comprises a segment of Peptide II and 

16 having an amino acid sequence selected from the group 
1^ consisting of : 

18 ( i ) CSQHL , PY I EQ . GMMLA . EQFKQ , KALGL-X ; 

19 (ii)' DEMEE.CSQHL, PY I EQ, GMMLA, EQFKQ, KAI-GL-X; 

20 (iii) LYREF , DEMEE , CSQHL , PYIEQ, GMMLA , EQFKQ , KALGL-X ; 

21 ( i v ) PUREV, LYREF, OEMEE . CSQHL , PY I EQ , GMMLA , EQFKQ , 

22 KALGL-X; 

23 wherein X is -OH or -NH 2 and analogues thereof. 
24 

75 26. A vaccine composition according to claim 25, 

26 wherein the immunogen comprises having an amino acid sequence 

27 as follows: 

28 P[)REV , LYREF, DEMEE , CSQHL , PYIEQ, GMMLA, EQFKQ , KALGL-X 

29 wherein X is -OH or -NH 2 or an analogue thereof. 
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27. A vaccine composition according to claim 23. 
wherein the immtmogen comprises a segment of Peptide III and 
having an amino acid sequence selected from the group 

consisting of: 

( 1 ) I 1 , PDREV, LYREF . DEMEE , CSQHL , PYI -X ; 
( i i.) SG* KPAII , PUREV , LYREF .DEMEE , CSQHL , PY I -X ; 
(iii) GR, WLSG . KPA II . PDREV . LYREF . DEMEE , CSQHL . PY I - X ; 
8 wherein X is -OH or -NH 2 and analogues thereof. 
9 

10 28. A vaccine composition according to claim 27. 

11 wherein the immunogen comprises an amino acid sequence as 

12 follows: 

U SG.KPAI 1 . PDREV, LYREF , DEMEE, CSQHL, PY1-X 

1* wherein X is -OH or -NH 2 or an analogue thereof. 
15 

16 29. An enzyme linked immunosorbent assay (ELISA) test 

" ki t for the detection of antibodies to HCV or NAHBHV or the 

18 diagnosis of HCV or NANBHV infection comprising: 

19 ( i) compartmented. enclosure containing multiple 

20 wells coated with a peptide composition 

21 according to claim 1; 

22 (ii) a negative control sample; 

23 (iii) an inactivated HCV positive control sample; 
Ik (iv) specimen diluent comprising PBS buffer 

25 containing 20\ by volume normal goat serum; 1\ 

26 by weight gelatin and 0.05\ by weight TWEEN 20; 

27 <v) peroxidase labelled antibodies to human IgG; and 

28 ( V i) a color change indicator. 
29 
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1 30. An EL ISA test kit according to claim 29 wherein 

2 the multiple wells are coated with a peptide composition which 

* is a combination of Peptide I. U and III with an amino acid 

* r.equence: 

5 CV , V I VGR , VVLSG , KPAI t , PDREV , LYRF.F , DEMEE , CSQHL . PY I EQ , 

6 GMMLA , EQEKQ. KALGL . LQTAS . RQAEV , I AP-X 

7 wherein X is -OH or -HH 2 oc analogues thereof. 
8 

9 31. An ELISA test kit according to claim 29 wherein 

10 the multiple wells ace coated with a peptide composition 

11 comprising a segment of Peptide II and having an amino acid 

12 sequence selected from the group consisting of: 

13 (j) CSQHL , PY 1EQ, GMMLA , EQFKQ , KALGL-X ; 

14* (ii) DEMEE, CSQHL, PYIEQ, GMMLA, EQFKQ, KALGL-X; 

15 (iii) LYREF , DEMEE , CSQHL , PY I EQ , GMMLA , EQFKQ , KALGL-X ; 

16 ( iv ) PDREV, LYREF, DEMEE. CSQHL, PY I EQ, GMMLA, EQFKQ, 

17 KALGL-X; 

18 wherein X is -OH or -NH 2 and analogues thereof. 
19 

20 32. An ELISA test kit according to claim 29 wherein 

21 the multiple wells are coated with a peptide having an amino 

22 acid sequence: 

23 PDREV , LYREF , DEMEE , CSQHL , PY 1 EQ , GMMLA , EQFKQ , KALGL -X 
1U wherein X is OH or -NH 2 or an analogue thereof. 

25 

26 33 % An ELISA test kit according to claim 29 wherein 

27 the multiple wells are coated with a peptide composition 

28 comprising a segment of Peptide III having an amino acid 

29 sequence selected from the group consisting of: 
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1 (i) 1 1, PDREV. LYREF, DEMEE. CSQHL. PYI-X 

2 ( i i ) SG . KPA II . TOREV , LYREF . DEMEE . CSQHL . PY I -X 

3 ( i i i ) GR . VVLSG , KrA 1 1 , TOR EV , LYREF , DEMEE , CSQHL , PH I - X 
* wherein X is -OH or -HH 2 and analogues thereof. 

5 

6 34. An EL ISA test kit according Lo claim 33 wherein 

7 the Peptide is: 

8 SG , KPA I I , PDREV , LYREF , DEMEE . CSQHL , PY I -X 

9 wherein X is -Oil or -NH 2 or an analogue thereof. 
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ABSTRACT 

The present invention relates to a method for the 
detection in body fluids of antibodies to hepatitis C virus 
(HCV), also known as a non-A non-8 hepatitis (NANBH) virus and 
to the diagnosis of NANBH by the use cf a composition of 
synthetic peptides. Each of these peptides has an amino acid 
sequence corresponding to an immunodominant region of a fusion 
protein and a polypeptide of HCV, SOD/HCV C100. More 
specifically, the present invention is directed to the use of a 
group of synthetic peptides in a prescribed sequence or their 
analogues for the detection of antibodies to HCV in body 
fluids. The detection method includes an enayme-linked 
immunosorbent assay (ELISA), and other forms of immunoassay 
procedures. 

The present invention also relates to a method for 
generating high titer antibodies to HCV in healthy mammals, 
including humans, by the use of compositions containing these 
synthetic peptides, analogues or mixtures thereof, in a free, 
conjugated or polymeric form as key components in synthetic 
vaccines for the prevention of non-A non-B hepatitis (NANBH). 
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The present invention relates to peptide compositions 
specific for the diagnosis and prevention of hepatitis C virus 
lHC v, infection, or ,cM non-B hepatitis (NANBH) . More 
particularly, the present invention is directed to synthetic 
peptide composition, which are specific for the detection of 
antibodies to HCV in body fluid:, and immunoassay* M,e 
same. The invention also includes the use of the synthetic 
peptide compositions as antigens for eliciting the production 
of monoclonal and polyclonal antibodies against HCV and as 
cogens in vaccines for the prevention of NANBH or HCV 
infection. 

in the 1940s. t«o independent investigators concluded 
that there were at least two types of viral hepatitis, 
designated as A and B (HAV and HBV) and that infection by one 



' tyre, either I.AV or HBV. did not confer the patient with 
' cross-immunity 0-3». 

• induction of serologic marhers for hepatitis A and hep.tit.s 
" b that it b « Possible to identify diseases caused by the 

two viruses and to distin,..ish between these two types of 
h hepatitis ciinir.slly and serologically. 

Subsequently, in 1974. Prince et al. suggested that 
■ m,„y cases of transfusion hepatitis could not be attributed to 
» hav or HBV and were caused by an agent other than these 
1° viruses. They proposed naming the agent hepatitis C virus 
" ,MCV, «). The presence of another hepatitis causing agent was 
1= subsequently confirmed by Alter et al.. who reported that 
» aUnouq h the exclusion of co^ercial blood donors found to 
I* carry hepatitis B surface antigen (HBsAg) significantly reduced 
" the frequency of post-trsnsfusion hepatitis (5). 7 to 10 
1" percent of the 5 million Americans who received transfusions 
1' each year still developed hepatitis. In 90* of these 
1* post-transfusion hepatitis cases, a specific virus, unrelated 
W to HAV. HBV. Epstein^arr virus, cytomegalovirus or other 

20 viruses which occasionally produce liver diseases, was 

21 implicated as the etiologic agent (5). This infection was 

22 desiunated as non-A non-B hepatitis (NANBH). 

23 over the years. NANBH has been reported in patients 
2" undergoing hemodialysis, recipients of renal transplants (6). 

25 intravenous drug abusers (7) and patients in institutions for 

26 the mentally retarded (8). Further, nurses caring for patients 
2' with NANBH have also been found to contract this disease. 

28 Epidemiologic evidence suggests that there may be 

29 three tyres of nanbh: the water-borne epidemic type; the blood 
» or needle associated type; and the sporadically occurring 
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1 U, «*.!»-> typo. However, the number and precise ! 

2 Nt , n of the causative- agents of NANBH still remain not . 

I entirely clear. 

The acute phase o{ NANBH is less severe than that of 
hepatitis .. ana the disease is rarely t.t.l. However, more 
* than a third of the individuals who contract NANBH develop a 
' chronic form of the disease in which they may remain infectious 
» indcfinite.y. This chronic state m,/ lead to cirrhosis of the 
9 liver and eventually to liver cancer. 

1° ...any methods have been developed in an attempt to 

II detect the putative NANBH viral antigens and antibodies. These 
12 include agar-gel diffusion, counter immunoelectrophoresis . 

» i^nnofluocescence microscopy, immunoelectron microscopy. 

r adioi_ssay. and en*yme-linked immunosorbent assay using 
». crude biologic lysates and antibodies from patients. However. 
» none of these assays are sufficiently sensitive, specific, and 
1' reproducible for use as a diagnostic test for NANBH . Some of 
« the reactivities detected -ere later attributable to the 
I' presence of antibodies to host cytoplasmic antigens or low 

20 1C vels of a rheumatoid-factor-like substance frequently present 

21 in patients with or without hepatic diseases. 

22. ' ,„ the absence of a definitive test for NANBH. the 

23 diagnosis in the past has been one of exclusion. It was based 
2* on the clinical presence of acute hepatitis and the persistent 

25 absence of serologic markers for hepatitis A and B, 

26 F.pstein-Barr virus or cytomegalovirus. 

22 Because no specific test for the detection of 

28 antibodies to NANBH or HCV has been available, the use of 

29 nonspecific tests to screen donors has been adopted in the past 
3° oe cade as a means of preventin, at least some post-transfusion 

NANBH. 
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I one such surrogate test measures liver enxyme levels. . 
' Th e concentrations of some of the liver enxymes. in p.rtlcul.r 

» „.«lne aminotransferase (ALT), are freguently elevated ,» the 
M.00 of patients -ith active hepatitis. Two independent 
s t„Oies have shown a correlation bet-con donor ALT levels and 

* .he incidence of NANBH in transfusion recipients (Ml). 

' However, some studies showed that only about 20 percent of 

• blood donors who transmitted NANBH have elevated liver enzyme 
' concentrations. Other investigators, further-ore. have found 

•' n that the liver enzyme levels can bo increased by extraneous 

II factors, such as heavy drinking. 

12 Epidemiologic circumstances predisposing donor 

» populations to infection with hepatitis B virus may also favor 

»* exposure to NANBH agents. A study conducted by Stevens et .1. 

» (I2) .evaluated the risk factors in donors for the presence of 

« antibou.es to hepatitis 8 virus. The results indicated that 

1' units of blood which were positive for antibodies to the 

» hepatitis B core antigen (anti-HBc) appeared to present a two 

I' to three-fold greater risk of NANBH in the recipients than 

2» units without anti-HBc. They concluded that anti-HBc screening 

21 of donors might prevent about one third of the cases of NANBH 

22 attributable to transfusion, whereas ALT screening might 

23 p ,event nearly one half of the cases of post transfusion NANBH . 
2' E ven with the use of these surrogate tests to 

25 establish the diagnosis of NANBH by exclusion, the correct 

26 identification of the NANBHV carriers was still far from 
22 satisfactory. Firstly, there are a significant number of 

2» pat ients -ho received blood lacking the surrogate markers and 

29 yet developed NANBH. Secondly, there is a minimal overlap 

30 . bet-een donors with-elevated ALT levels and those with 



1 .*,.„•*. U-tlr. there ... recipients of b.ood units which 
? we,, positive lor a surrogate marker, but who did not become 

I il.l-.XU'd with NANBHV (or HCV) (13-15). 

Thus, there is an urgent demand tor a sensitive and 
' -settle method to identity carriers of NANBHV and to screen 
- e( .t contaminated ...nod or blood products, .n addition, there 
; i, ,, so , need for an effective vaccine and/or therapeutic 
S a,ent for the prevention and/or treatment of the disease. 
*> Recently, a group of scientists at Chiron Corp. 

10 . constructed a random-,,, imed complementary. UNA (cUNA) Horary 

II from Plasma containing the ^characterised NAMBH agent <U>. 
l - They screened the library with serum from a patient diagnosed 

with NANBH and isolated a cDNA clone that encodes an antigen 
associated specifically with NANBH . This Cone was found to be 
derived from the genome of an agent similar to the togaviridae 
or uaviviridae (16). The newly identified NANBH agent was 
17 called hepatitis.C virus(HCV). A specific assay for this 
!8 blood-borne NANBH virus was developed based on a fusion 
»' po. , peptide. of human superoxide dismutase (SOD) and 363 HCV 
2 ° aroi „ 0 acids/designated as SOP/HCV C100-3 (.7). 800/HVC C-I00 
" - was produced utilising a clone of recombinant year.t. purified. 

22 . and used to capture circulating viral antibodier-. (17). A 

23 family of cDNA sequences derived from this hepatitis C virus 
26 was subsequently reported in detail (18). 

» Synthetic peptides have been used increasingly to map 

26 antigenic or immunogenic sites on the surface of proteins, an 

27 approach recently termed -site-directed-serology- . The present 

28 inventor (Wan,. C.) and a colleague have taken this approach to 

29 identify and cha,acterize hiohly antigenic epitopes on the 

30 envelope proteins of HIV and to develop sensitive and specific 
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1 i„ mM ..r. foe the detection o, antibodies to ...V (previously 

2 designated .ITLV-U.) 09-71). See also U.S. Patent 4.735.896. 
issued Aptll 5. 1988 and U.S. Patent 4.879.212 issued Nov. 7. 

" „ W> the contents ot which are. hereby, tully incorporated by 
reference (22. 23). Subsequently, a series of finely mapped 

* ,„d we. .-characterized HTLV-I/U related synthetic peptides 
were employed in the development of synthetic peptide-based 

* di „„ostic assays for the' detection of HTLV-./U antibodies in 
' infected individuals (24. 25). See also U.S. Patent 4.833.071 

10 issued May 23. 1989. U.S.S.N. 07/297.035 filed January 13. 1989 

11 and USSH 07/469.294 filed January 24. 1990. These assays have 

1 2 provided superior sensitivity, excellent specificity, and. in 

13 certain cases, an unmatched capability to differentiate 
infections with two closely related viruses, thus overcoming 

15 m any of the existing problems associated with biologically- 

16 derived tests based on either viral lysate or recombinant 
" WA-derived protein. 

18 . u is , therefore, an objective of the present 

" invention to develop a detection or diagnostic procedure to 

20 identify and monitor HCV infection. 

n Ano ther objective is to develop a test procedure that 

22 is highly sensitive and accurate. 

23 ' A further objective is to chemically synthesize a test 

24 reagent which can then be used to detect the presence of 

25 antibodies to HCV in body fluids and diagnose NANBH. 

« Another objective is to develop a vaccine which, when 

27 introduced into healthy mammals, including humans, will 

28 stimulate production of efficacious antibodies to HCV. thereby 

29 providing protection against HCV infection. 

30 ! 
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A further objective is to provide a synthetic 
i(ron ,„o«en which can be used in ma^als for the development of 
monoclonal and polyclonal antibodies to HCV. 
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11 brief DESCRIPTION OF THE INVENTION 

12 

13 According to the present invention, a series of 

lU synthetic peptides representing immunodominant regions of a 

15 hepatitis C virus (HCV) protein, each arranged in a specific 

16 sequence, has been identified and made by solid phase- peptide 

17 synthesis. These peptides have been found to be useful in a 
13 highly sensitive and accurate method for the detection of 

antibodies to HCV in sera and body fluids and the diagnosis of 
non-A non-B hepatitis (NANBH) - Because of their high 
^reactivity, it is expected that these peptides are also 

2 2 useful in stimulating production of antibodies to HCV in 

23 healthy mammals such as Balb/C mice, and in a vaccine 
2U composition to prevent HCV or NANBHV infection. 

25 According to the present invention, a peptide 

26 
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20 
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composition useful for the detection of antibodies to HCV and 

27 diagnosis of NANBH comprises a peptide selected from the group 

28 of peptides with the following sequences: 
29 

30 
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I (i, CE.SCOHU.rVtro.aiHtA.WrKO.KALGL.WTAS.BOAEV.UF-X <•> 
: H.rOKEV.LVREr.OEHEE.CSOHL.PV.ro.^.rorKO.KALOL-K <«•) 

3 s , ! .KPA...PuREv.LVKEF.i. E M EE .c 5 o..L.rY.ro.c IW LA.r.orKO. (ijh) 

KALGL-X 

* ,W) CV.V,«GK.WLSr,.KrAIl.m.RF.V.LYREE.OEHEE.CSOHL. P ».-X »»> 

5 <v) ,C.KrA,..rOR E V.LYREF.O E .1EE.C S 0HL>V«E 0 .CH«.>.roe-K UVK 

' (vi > K0.KALOL.LOTAS.R0AEV. t A,A».0TN«0.KLETr.WAK.«.»n.F-X ' (V) 

<vH> EQ .C« f ,LA. E OrKO.KALCL.,^AS.RQA E V..A P AV.QTH«0.KL E T-X (VI) 

g •"»»<- 

in (viH) PGALV , VGWC , AA 1 LR , R HVGP . GEGAV , QWMNR , LI AFA . SRGNH , ^ 

II wherein X is -OH or -N Hj . and analogs, stents. .ni.tmcs. . 

12 co-binations. conjures end polyn-ers thereof, (th. co,»as .. 

13 the above sequences arbitrarily separate the a-ino acids into 
" qtmips of five Cor convenience.). 

" The , B ino acids in this application are abbreviated. as 

16 shown herein below: 
17 

18 

A- Alg- alanine. 
r- Arg- arginine, 
Do Asp- asparagine. 
No Asn- asparagine. 
q« Gln« glutamine, 
E= Glu» glutamic acid, 
L» Leu« leucine, 
K- bys- lysine, 
H- His" histidine, 
T- Thr- threonine, 
Go Gly- glycine. 
0- He- isoleucine, 
F- Phe» phenylalanine, 

- 12 - 
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1 S- Set- serine. 

2 w- Trp- tryptophan, 

3 Y« Tyr- tyrosine, 
v- Val- valine, 
C- Cys- cysteine, 
r- Pro- proline 
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8 - to example of a cognation is: 

9 PDREV , LYREF , DEMEE , CSQHL , PY I EQ , GMMLA , EQFKQ , KALGL * LOTAS . RQAEV , 

10 Jft r_x wherein X is -OH or -NH,. An example of a segment of 

11 Peptide II is: rDREV , LYREF, DEMEE, CSQHL, PY I EQ, GMMLA, EQFKQ, 
wherein X is -OH or -HI, (IIF). An example of a 

se^nt Ot Peptide III is: SG.KPAII , PDREV, LYREF, DEMEE, CSQHL, 
PYl-X wherein X is -OH or -NH 2 (HID). 

The present invention also includes a highly sensitive 
*nd accurate method of detecting antibodies to HCV in body 
fluids and of diagnosing NANBH comprises the following steps: 

A. Preparing a peptide composition comprising a 
peptide selected from the group having the following amino acid 



12 
13 
Ik 
15 
16 

17 

18 

19 

20 

21 

22 (l ) EE.SCQHL.PYIEQ, GMMLA, EQFKQ, KALGL. LQTAS . RQAF.V , IAP-X 



sequences: 

(1) 

23 ( i i ) 1 1 , POREV , LYREF, DEMF.E , CSQHL , FY1 EQ . GMMLA , EQFKQ, KAU^L-X (II) 
2' (Hi) SG.KPAI I , PUREV, LYREF. DEMEE, CSQHL, PY I EQ. GMMLA, EQFKQ, ^ 

25 KALGL-X 

26 (iv) CV^WGR.WLSCKPAII.PDREV^YREF.DEMEE.CSQHL.PYI-X (III) 
" (v) SG , KPAI I , PDREV , LYREF » DEMEE , CSQHL , PY I EQ » GMMLA , EQF -X (IV) 

28 (vi) KQ , KALGL , LQTAS , RQAEV , I APAV , QTNWQ , KLETF , WAKHM* WNF-X (V) 

29 (vii) EQ . GMMLA , EQFKQ , KALGL . LQTAS , RQAEV , I APAV , QTNWQ , KLET-X (VI) 

30 and 

(viii) PGALV , VGWC , AA I LR , RHVGP , GEGAV , QWMNR , LI AFA , SRGNH , . 
-13- 



l . wl,e,ein X is -OH or -Nil,, and analogues, segments, mixtures. 

2 combinations, conjugates and pollers thereof; and 

3 B. Using an effective amount of the peptide 
b composition as the antigen in an immunoassay procedure. 

5 Further, according to the present invention, the 

6 peptide hy themselves, or when coupled to a protein or a 

7 P olymeric. carrier of homo or hetero dimers or higher oligomers 

8 * y ,s* of homo, or hetero functional" multivalent cross HnKing 

9 scents, or when di rect ly synthesized and conjugated to a 
10 branching polyvalent lysine resin, can be used to stimulate 
U production of antibodies to HCV in healthy mammals, including 

12 humans. The method comprises introducing an effective amount 

13 of the peptide composition containing each of the individual 
" peptides, analogues or segments or a mixture or a combination 
15 thereof, or in a polymeric form, into the body of a healthy 
U mammal by intraperitoneal or subcutaneous injection. 

vaccines containing the peptides according to the 
present invention as the Key immunogen may also be prepared. 
U i5 expected that such vaccine compositions may be useful to 
prevent HCV infection or NANBH. 
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BRIEF DESCRIPTION OF THE DRAM1HGS 

Figs. 1-1. 1-2, 1-3 and 1-4 show the amino acid 
sequences of the immunodominant region of a HCV protein and 
precisely delineates the amino acid residues (underlined to 
show — marginal, _ moderate, and _ strong) that 
contribute to the immunoreactivities of these HCV peptides with 
four representative HCV antibody positive sera. The 
immunoreactivities were measured as absorbance at 492nm by an 
EIA procedure. 
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1 «„ 2-1 and 2-2 are comparisons of the signal to 

* • ctef. ratio between the peptide based HCV-E1A ot the present 

> invention and that of the recombinant SOO/HCV C-100 protein , 

• based HC-E.A. .n rl,. JW - weU-ch,raeterUed HCV antibody 
' ^tWe control at varies serum dilutions was used as the 

< ,«p,.. ..«,. 2-2, pane. oC serum, specimens derived from 

7 .„,.. bleedings 6f a single individual spanning a period ot 

8 seroconversion to anti-HCV reactivity were used as samples. 

♦ Figs. 2-1 and 3-2 depict the frequency distribution of 
U,e MCV-E.A. using Peptide 116. signal to cutoff ratios 
stained with 26, norma, serum and 26, normal plasma specimens 
(t0 m commercial sources. The mean ,/e ratios for the negative 
,n.I50) and screened out positive (i.e. »-.<) serum specimens 
„c 0.03, ana 7.202 respectively; and for the ne 9 ative (n-256) 

J5 ,„d positive (0-9) normal plasm, specimens the mean s/c ratios 
U are 0.084 and 7.0B9 respectively. 

17 rig . 4 is a histogram depicting the immunoreactivities 

18 of Peptide 1.0 with sera from individuals: (a) positive for 
" HBsAg . (n-SO): (b) positive for antibodies to HBc protein. 
20 (,,.39); (c) with elevated ( > 100 I.U./M alanine 

" aminotransferase (ALT) en,yn,e activity. <n.l7<>; CO Positive 
22 for antibodies to retroviruses H.V-! ,-100.. H.V-2 ,„.,0). 
" H1W-I/II '(-.!«; asymptomatic, (total n-124): (e) -ith 
" AIDS. ARC (N-200) or ATL (n-170) disease, (total n-270); and 

(f) with ajtoimmune disease (n-20). 
" Fig. 5 provides a comparison between ElA results using 

" 8 the peptides of the present invention and recombinant S0D/KCV 
" C-100 by their respective s/c ratios on a panel of repeatably 
30 reactive specimens <n.23> obtained from, a random donor 
popu J at ion . 

- 15 - 



1 Figure 6 provides a comparison between a passive 

2 hemagglutination assay (PHA) . using Peptide IIC and the 
recombinant SOD/HCV C-100 EIA by their respective P/C and s/C 
rntios for a panel of SOD/HCV C-100 HCV EIA repeatably reactive 
S pecim«ns (n-20) obtained from a random donor population. For 
results. obtained by the PHA, the agglutination pattern is 
ouantitated by a specially designed optical reading instrument 
(manufactured by Olympus Corporation) where a P/C ratio of 
larger than 20 is considered negative whereas a P/C ratio of 
less than 20 is considered positive. 

Figure 7-1 provides a study of serum samples collected 
over a ten year period of ti:ne from a NANBH patient who 
sero-converted after receiving HCV infected blood. The samples 
were tested by two EIA formats designated as A (coated with 
peptides IIF and I I ID at 5 ug/mL each) and B (coated with 
peptides IIF, 1 1 ID and v at 5 ug/mL each) .for comparison. The 
serum samples. were provided by Dr. H. Alter of NIH. 

Figure 7-2 provides a kinetic study with serum 
samples, kindly provided by Lr. C Stevens of New York Blood 
Center, from a hemodialysis patient who sero-converted and 
contracted NANBH . These were tested by EIA format B (coated 
23 with peptides IIF, HID and V *t 5 ug/mL each). 
1U figure 7-3 provides a second kinetic study with serum 

25 samples, kindly provided by Dr. D. Bradley of Center for 

26 Disease Control, from a chimpanzee which sero-converted after 

27 being inoculated with a well-characterized strain of HCV and 

28 contracted NANBH, also tested by Elf format B. 

29 Figures 8-1 and 8-2 depict the signal/cutoff ratio 

30 freguency distribution of both negative and positive serum 
specimens by a HCV-EIA format B. The results were obtained 
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1 „,i^ 2035 lo- risk random blood donor specimens tested in . 



blood bank setting. 
3 rioere 9 illustrates the inhibition by peptide IV (an 

* .n,.o,««) of bindin, of HCV specific antibodies to plates 
5 coated .lth peptides 110 and IMF at 5 u,/mL each at ...loos 



6 peptide IV concentrations. 

7 Figure 10 provides a compar ison ' between the peptide 

8 based HCV EIA (coated with peptide IIH and V at 10 and 5 ug/mL 

9 respectively) and recombinant protein based HCV EIA using 

10 samples fro* 74 hemodialysis patients, kindly provided by 

11 instigators at the Japanese National Institute of Health. 
12 

u DETAILED DESCRIPTION OF THE INVENTION 

" In accordance with the present invention, three 

15 peptides and their segments have been chemically synthesized 

U for the detection of antibodies to HCV in body fluids, the 

17 diagnosis of NANBH, and for the vaccination of healthy mammals 

18 by stimulating the production of antibodies to HCV. These 
" peptides are arranged in the following sequences: 



21 (i) EE , SCQHL , PY I EQ , GKML A * EQFKQ , KALGL , LQTAS , RQAEV , I AP-X (I) 

22 < i i ) . II , PDREV , LYREF , DEMEE , CSQHL . PYIEQ . GMMLA . EQFKQ . KALCL-X (II) 

23 (Hi) SC. KPAII, PDREV. LYREF. DEMEE. CSQHL, PYIEQ. GMLA, EQFKQ. 

KALGL-X 

" (iv) CV,VIVGR ,VVLSG, KPAI I , PDREV, LYREF, DEMEE, CSQHL, PY1-X (III) 

(v) SCKPAII . PDREV, LYREF, DEMEE, CSQHL, PYIEQ, GMMLA, EQF-X (IV) 

(vi) KQ, KALGL , LQTAS , RQAEV , IAPAV , QTNWQ , KLETF , WAKHM, WNF-X (V) 

(vii) EQ , GMMLA , EQFKQ KALGL , LQTAS , RQAEV , IAPAV , QTNWQ , KLET-X (VI) 



25 
26- 
27 
28 
29 
30 



and 



(viii) PG ALV , VG WC , AA I LR , RHVGP , GEG AV , QWMNR , L I AFA , SRGNH , 
VSP-X 
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1 

2 These peptides'may co-pU,. combinations or segments. 

3 Ion,., or shorter peptide chains by ha.inr, more amino 

4 acids added to the terminal a m irio acids, or by amino acids 

5 removed from either terminal end. 

6 These peptides may also comprise analogues to 
" 7 accommodate strain-to-st.ain variations among different 

8 isolates of HCV. MCV is indicated to have frequent mutations. 

? Therefore, it is expected that variant strains exist. 

10 Adjustments for conservative substitutions and selection among 

11 the alternatives -here non-conservalive substitutions are 

12 involved, may be made in the prescribed sequences. It is 

13 expected that as long as the peptide's immunoreactivity 

" recognUable by the antibodies to HCV is preserved, analogues 

15 of the synthetic peptide may also comprise substitutions. 

16 insertions and/or deletions of the recited amino acids of the 
17 

above sequence. 

18 These peptides may also comprise conjugates, i.e.. 

" they may be coupled to carrier proteins such as bovine serum 

20 a.humin (BSA) or human serum albumin (HSA) . Furthermore, these 

21 peptides may comprise polymers, i.e.. they may be synthesized 
" on a polymeric resin, such as a branching octa-eri.: lysine 



23 
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The amino acid sequences of the polypeptides useful as 
25 test reagents foe the detection of antibodies to HCV in body 
" fluids and diagnosis of NANBH are selected to correspond to a 
j3 partial segment of the amino acid sequence of the HCV protein 
M designated as HCV C-100. 

J0 in selecting regions of the HCV protein for epitope 

analysis, peptides in the 40mer sise range with amino acid 
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I oc ,«r,s covering the collate HCV COO protein were 

» sy .,„e 5 Ued. TH.se were tested tor t,»U l«u.no,e,cUvity witn 

> „„. . Patent positive., diagnosed with HCV Section. 

* Six overlapping Peptides designated „ .. II. ». V and V, 

5 were identified to nave specific i-.unoceacti.ity with the 

6 positive HCV Mm-. Another peptide ».« and its fragments. 

7 ctti.ll.-l to this i ra ™nodo mi nant region. «as aiso found to 

8 ...ve derate ir-nunoteactWi Ity with a sue population of HCV 

9 positive sera. See «... ». Peptide .». another analogue 
of Peptide U. with five additional amino acids to the 

II H-ter-inus has been found also to be highly isogenic. The 
12 » n i»o acid sequences of the peptides are as follows: 

(i) EE . SCQHL . PV I EQ » GHHLA , EQFKQ # KALGL. LOT AS • RQAEV , I AP-X O) 
(ii> ,,, PDREV. LYREF.OEMEE.CSQHI..PYIEQ.GMHLA.EQFKQ.KALGI.-X (ID 
(Ui) SG , KPAI I . PDREV , LYREF . OEHEE . CSQHL , PYIEQ . GMMLA . EQFKQ . ^ 



10 



KA1.GL-X 

17 Civ) CV.V,VGR.VVLSG.KPA1I.PDREV.LYREF,DE M EE.CSQHI..PYI-X (HI) 

18 (v) SG. KPAI 1 . PDREV . LYREF. DEHEE.CSQ.U.. PY IEQ. GMHLA, EQF-X (IV) 

59 (vl, TO; kalgl.lqtas.rqaev.,apav.qthwq.kletf.wakhm,wnf-x (V) 



20 (vii) EQ.GMMLA.EQFKQ.KAuGL.LQTAS.RQAEV.IAPAV.QTHWQ.KLET-X. (VI) 
21 

and 

" (viii) PGALV , VGWC . AA ILR . RHVGF , GEGAV ,QWMNR . LI AFA . SRGHH , ^ 
23 VSP-X 

2* The sU peptides I. II. III. IV. V and VT span a 

25 regi „„ of 90 amino acids: C V.V1VGR.WLSG,KPAII.P0REV,LYREF, 

26 DEMEE , CSQHL , PY I EQ , GMMLA , EQFKQ , KALGL , LQTAS , RQAEV , I APAV , QTNWQ , 

27 KLETF , WAKHM , WNF and were found to have specific 

28 immunoreactivity with the positive control serum. Table 1 

29 shows the amino acid, sequence of this immunodominant region of 

30 the HCV protein, and presents the amino acid sequence of the 



» chcicM.y synthesis peptides. Ml-M » • " V1 "* 

2 sc ,-c,as (A to ..) thereof. t~» of these peptides «.. coeted 

3 , t >,„/«*. in e 10-, sodius, bice.bon.te buffer <P» 9-5) onto 
* po.yr.tyrene ..crowe.1 P.stes e..d tested in , three step « 



5 miniifo enxyme immunoassay 
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1 procedure, described hereinbelow. with a panel of HCV antibody 

2 positive sera, each selected as representative of a particular 
5 Clinical population, at various serun, dilutions. Calculations 

based oo the overall E1A absorbance of all positive sera 
yielded an array of iwunoteactivity indices represented as % 

* relative inrwnoreactivity for each of the synthetic HCV 

' peptides. Three peptides, designated as IIF. HI and IUD. " 

• tain* «0 «7 mi and 30 n,er in sire with the following 
9 amino acid sequence respectively: 

TORF.V . LYREF . DEMEE , CSQHL . py I EQ.GMMLA . EQFKO . KALGL ( "F) 

SO . KPA 1 1 , PDREV , LyREF . DEMEE . CSQHL , Py 1 EQ . GMfH»A . EQFKQ , KALGL (IIH) 
and 

SCKPAII . PDREV , LYREF , DEMEE , CSQHL, PY I v 1 1 1 ° 

were found to have the highest immunoreactivity . The. relative 
(\) i^unoreactivity for each of the 30 HCV peptides listed in 
Table i, as a result of this extensive epitope mapping study, 
provided a basis for the delineation of several clusters of 
amin- oc id residues (as underlined), each in a prescribed 
sequence, that are involved in or relevant to the antigenic • 
configuration of the HCV peptides. 

Assays for antibodies to HCV based upon chemically 
synthesized peptides show several advantages over assays 
utilizing biologic based immunoadsorbents . The peptides can 
easily be synthesized in gram quantities by using automated 
solid-phase methods, thus providing a reproducible antigen of 
high integrity with consistent yields. Isolation of antigens 
Com biological systems precludes such reproducibility. More 
importantly, non-specific reactivities seen in uninfected 
individuals are likely due to the heterogeneity of the 

- 22 - 
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1 preparations use, Cor assay. This is particularly true for 

2 ua „ 3 using biologic based immbnoodsor bents . In these 

3 processes, the host antigens are frequently co-purified with 
" the desired viral protein(s). Antibodies to these . 

contaminating antiger.5 are frequently found in normal 

* individuals, thus resulting in f a Ise-positi ve results. 
7 The assay of the present invention clearly minimizes 

» such false-positive reactions as encountered in the other assay 
9 systems and, at the same time, shows a high sensitivity to 
10 truly positive sera by the substantially increased 
U signal-to-noise ratio. This increased signal-to-noise ratio 

12 likely results from the purity of the immunoadsorbent . The 

13 assay of the present invention is also highly specific, in that 
16 the mean S/C ratios for HCV carriers are about 80-200 times the 
15 mean S/C of those non-infected individuals. See Figs. 3-1 and 



16 



3-2. 



" The peptides useful as solid phase immunoadsorbents 

* 8 for the detection of antibodies to HCV were synthesized by the 

19 -classical" Merrifield method of solid phase peptide synthesis 

20 using side chain protected t-boc-amino acids to correspond to 
the following amino acid sequences: 

(i) EE , SCQHL . PV I EO • GMMLA , EQFKQ . KALG1 ■ . LOTAS , RQAEV , 1 AF- X (I) 

(ii) 1 1 , PDREV , LYREF. DEMEE , CSQHL , PY I EQ .GMMLA . EQFKQ . KALGL-X (U) 
PDREV , LYREF, DEMEE , CSQHL, PYIEQ.GMMI.A. EQFKQ, KALGL-X <UF) 



2i 
22 
23 
2U 
25 
26 

27 (iv) CV.VlVGR.VyLSG, KPAII.PDREV,LYREF.DEMEE,CSQHL,PYI-X 

28 SG . KPA1 1 . PDREV . LY REF , OEMEE , CSQHL . PY 1 -X 

29 (v) SG.KPAII.PDREV.LYREF, OEMEE, CSQHL. PY I EQ. GMMLA. EQF-X 

30 (vi) KQ, KALGL , LQTAS » RQAEV , IAPAV,QTNWQ,KLETF,WAKHM,WNF-X 

- 23 - 



<iii) SG , KPAI I . PDREV , LYREF , DEMEE , CSQHL , PY I EQ , GMMLA , EQFKQ , ^ 
KALGL-X 

(III) 
(HID) 
(IV) 
(V) 



. (vii, K0.C W LA.E Q rK U .K ft .X<..LOTAS.ROAEV.1APAV. 0 T WI .KLET-X (V.) 
2 nut) 

i <viU) h;alv.vgvvc.aailr.rhvcp,gegav,owwnb.mafa,srgnh. (vn) 



vsp-x 



wherein X is -NH 2 - 

Other analogues, segments end combinations oC these 
peptides be'prepared by varying the .mine .clO segucnces 
either by adding, subtracting, substituting, or deleting 
desired t-Boc-amino acid(s). 

Following completion of assembly of the desired 
o.ocKed Peptide on the resin, the peptide-resin is treated with 
anhydrous hydrofluoric acid to cleave the peptide from the 
resin. Functional groups of amino acids which are blocked 
during synthesis by benayl-deri.ed blocKin, groups are a.so 
cle ,ved from the peptide simultaneously. The free peptide is 
then analyzed and purified by high performance liquid 
U chromatography (HPLC) and characterised biochemically by amino 
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17 

acid analysis 

18 



Longer peptides with more than about 50 amino acids 

19 m ay be prepared conveniently using well Known recombinant 

M methods. The Known nucleic acids codons (or each of the amino 

21 acids in the peptide may he utilised and. synthetic genes 

22 encoding such peptides constructed. The synthetic gene may be 

23 inserted into vector constructs by Known technigues. cloned and 
" t.ansfected into host cells, such as E. coll. or yeast. The 

25 secreted polypeptide may then be processed and purified 

26 according to Known procedures. The peptides synthesized 

27 according to the above described procedures are highly reactive 

28 with antibodies to HCV and can be used as a highly sensitive 

M and specific inrnmn.adsorbent for the detection of antibodies to 
30 

HCV. 
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1 Figs. 1-1. 1-2- 1- J and >" 4 sh0W the amln0 aCid 

2 ....,„„ „, ot the immunodominant re,-" of a HCV protein and 

..reds.ly de.ineates the underlined amino acid residues that 

'• c„„t.iU.,te (- marginaHy. .... moderated o. _ strongly. 

• to , h i_eactivit.es. measured as MIM ll • ««* 

* „.,,,<. E.A procedure of these HCV peptides with four 

7 representative HCV antibody positive seta. 

8 The peptide based E.A procedure is as follows. lOOub 
" per -el. of each of the peptides was coated at 5«,/n* in a pH 
10 ,. S sodium bicarbonate buffer OOmM) onto a polystyrene 

M micro»e.l plate and the microwe.l plate was incubated at 37-C 
32 for about an hour, washed and dried. The test serum snmp.es 

13 -ere diluted with PBS containing normal goat serum, gelatin and 

14 tween 20. 200UL of the test serum sample solution was added to 
» each wen and allowed to react for 15 mins. .t S.7-C. The wells 
" were washed, ensyme labelled antibodies were used to bind the 
» HCV-antibody-peptide comple*. and the plate was incubated for 

another 15 min.A color developer, e.g. orthophenylenediamine 
» (OPU). was then added. The reaction was stopped after 15 min 
20 oy the addition of 50ul. 1.0M HjSO,. and the absorbance of 
2 > the reaction mixture was read at 492nm with an EMSA reader. 
n as demonstrated in Fig. 1-1. serum sample 1 hys little 

» reactivity with Peptide IA and IB. However, its reactivity 

24 wit.. Peptide IC increases significantly, followed by a marginal 

25 increase with Peptide ID, and additional increases with 

26 Peptides IE and IF. This indicates that in the HCV Peptide 1 

27 series, two clusters of amino acid residues, namely LAEOF and 

28 HLPV1 . are contributing to the antigenic determinant(s) of the 

29 HCV Peptide I. Similarly, a cluster of residues namely 

30 EECSOHI.PVI is contributing to the immunoreactivity of the HCV 

- 25 - 



1 .. .erics; mother cluster of residues namely 

2 S .;W».im.R is contributing to the immunoreectivity of IICV 

3 Peptide ... series and t-n cluster, of residues, name., GtlflT 

4 .,nd RV.AP a.e contributing to the inmunore.ctivity by HCV 

5 peptides IV and V secies. As shown on the botton. of Fig. 1-1. 

6 , lv tnl of six spaced clusters of amino acid residues 

7 rep.esentln, discontinuous epitope, In this inimunodomin.nt 

8 tK9 io„ of the HCV protein are identified as contribute to the 

9 specific HCV immunoreactivity with serum sample 1. 

10 Fi g, lte 1-2 illustrates an i.omunoteactivity profile tor 

U serum sample 2 when tested on a total of 31 overlapping 

12 peptides in the HCV Peptide 1. ... Ml. >v. V and V. series. 

" There is a dear difference between the immunoreact ivi ty 

" profiles of serum samples 1 and 2. The immunodominant epitope. 

15 ,s marked by residues SGKPA and UPPREV. is located towards the 

16 

H-terminus of the region. 
" ngut e 1-3 illustrates an imnunoreactivity profile for 

18 serum 3 when tested on the same 31 HCV peptide panel. Through. 
H this extensive epitope mapping analysis, serum sample 3 was 
20 found to have a similar immunoreactivity profile to that of 
21 

serum sample 2 . 

" Figure 1-4 illustrates an i mmunoi eact i v i i V |.."fil« for 

" serum sample A which differs significantly from that of sample 
' 2 and 3, while maintaining some similarity to that of sample 1- 
in summary, epitope mapping analysis conducted with a 
" series of 31 overlapping peptides covering. an immunodominant 

28 region of HCV. which spans a total of 90 amino acid residues as 

29 illustrated in Table l". reveals a varying degree of 

30 immunoreactivity among different HCV antibody positive samples 

and these HCV peptides. Based on overall EIA absorbance 

i 
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• t o urv nositive sen with each 
...dinqs obtained with a panel of 8 HCV pos.t. 

f ot these 31 HCV peptides (Table 2). a .elati.e. (V 
> reactivity inde, is establish (.. each of tbe Prides 
" „„, several d-sters of an,ino acid t esid„es are identified as 
contribute Strong. » in tbe casos of HPOPrnt. and EVUP; 

< C /-*ois rviYREFa CSOHLPVIEQC; and. 
* moderately. « in the cases of SGKPA , EVLYREF. 

7 . al1tf a - in the case of KQKAL, to the HCV 

1 IJVEOFKQ; ot marginally a a-* m tnc 
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I Oased on the above-mentioned epitope mapping 

* ,n„r representative EIAs -ere configurated using Peptide 1.0 
3 9lonc . , mi.ture of t-o Peptides I IF and HID. a nature of 
» HF. MID and V. o, a mixture of HH and V as the so.id phase 

5 antigen. 

6 Fios. 2-1 and 2-2 depict the comparison, by signal to 

7 cutou -tie. between the peptide based HCV-E.A ea.ploy.in, 
B Peptide 110. at 5 U,/-L coating concentration, and that of 

9 r<se ombln.nt SOD/HCV C-IOO protein based HCV-EIA. In Pi,. 2-1. 
10 , weH-characteriaed HCV antibody positive control at various 

II ser „,„ dilutions -as used as the samp.e. 1. », 2-2. a pane, of 

12 serum specimens derived from serial bleedings of a single 

13 individual spanning a period of sero-conversion to anti-HCV 

" reactivity was used. Similar dilution titers and eguel ability 

15 to identify date of sero-conversion. the two parameters 

" indicative of each assay's sensitivity, are obtained with the 

17 synthetic peptide based EIA according to the present invention 

18 and rONA HCV C-100 based EIA, eacept that the peptide based 

19 assay according to the present invention is more sensitive. 

20 conferring a higher signal to cutoff ratio to its positive 
21 

specimens. 

72 Fi9 . 3-1 and 3-2 depict the frequency distribution of 

" the synthetic peptide based HCV-EIA signal to cutoff ratios. 
" using Peptide IIG at Sug/mL as the coating concentration. 
" obtained with 264 norma, serum and 26, normal plasma specimens 
" from con^rci.l sources. The mean s/c ratios for the negative 
<„.2 5 0> and screened out positive (i.e. n-M) serum specimens 
are 0.O34 and 7.202 respectively; for the negative (.-MS) and 
3„ positive (n.9) normal plasma specimens the mean ratios are 
0.084 and 7.089 respectively. A sharp contrast between the 
- 29 - 



i . ii >ko nnatives is obtained with 

1 screened out positives and all the negat.ves 

2 the Peptide based HCV-EIA of the present invention. 

' Based on the high degree of sensitivity and 

* specificity of the peptide compositions according to the 

5 present invention in their ^reactivities to antibodies to 

5 „CV it is believed that the peptide compositions according to 

7 the Present invention may also be useful as vaccines to prevent 

8 NANBH. and as i^unogens for the development of both monoclonal 

9 and po.yclonal antibodies to HCV in mammals, indudin, humans. 

10 The peptide compositions -hen coupled to a protein, or 

11 synthesized on a polymeric carrier resin (e.g.. an octameric 

12 hranchin, lysine resin, or -hen po.ymefUed to homo or hetero 
aimers or higher oligomers by cysteine oxidation, induced 
aisulfide cross linking, or by use of homo or hetero functional 
univalent cross HnRing reagents, can be introduced to norma! 
subjects to stimulate production of antibodies to HCV in 

healthy mammals. 

The advantages of using the peptides according to the 

present invention are many. 

Since the peptide compositions according to the 
present invention are not derived biologically from the virus. 

there is no .danger of esposin, the normal subjects - « to 

be vaccinated to the disease. 

. The peptides can be chemically synthesized easily. 
" This means that there is no involvement with the HCV at any 
" time during the process of *aking the test reagent or the . 
" vaccine. Another problem which can be minimized h, the process 
„ of the present invention is the false positive results. caused 
by the presence of antigenic materials, from host cells 
co-purified with the HCV fusion protein. Certain normal 
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co-purified with the HCV Cu: 
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1 .^.WMl. have antibodies to E. Coll oc yeost proteins which 

I .„ cross reactive with the antigenic materia.* from host 

3 cel.,. 8... ">« e "°' na ' in<,ividu " S B ' y 5h ° W * P05iU " 
rnpnnm in the immunoassays. 

5 Further, with appropriate amino acid modifications or 

6 sul»mutions. it is expected that various peptide analogues 

7 based on the prescribed amino acid sequence can be synthesized 

8 with properties giving rise to lower background readings or 

9 better binding capacity to solid phases useful for HCV antibody 
10 

screening assays. 

II . Moreover, because the peptide compositions of the 

U pl ese„t invention are synthetically prepared., the quality can 
U be controlled and as a result, reproducibility of the test 
results can be assured. Aiso. since very small amounts of 
peptides are reguired for each test procedure, and because the 
expense of preparing the peptides is relatively low. the cost 
17 ' of screening body fluids for antibodies to HCV, diagnosis of 
" hanbh infection, or the preparation of a vaccine is relatively 
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19 

low 

20 



The peptides, prepared in accordance with the present 
" invention can be used to detect HCV infection and diagnose 
NANBII by using them as the test reagent in an enxyme-linked 
i^.noadsorbent assay (EtlSA). an enxyme immunodot assay, an 
agglutination based assay, or other well-known immunoassay 
devices. The preferred method is ELISA. The EL1SA technigue 
is exemplified in Examples 1. 2. 8. 9. 10 and 12 and the 
2 „ a , g ,utination based assay in Examples 3 and 4. The Examples 
„ are used to illustrate the present invention and are not to be 
J0 used to limit the scope of the invention. 
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» It is to be noted that In the rollowln, methods. 0.2S\ 

2 „y weioht of alotaraldehyde may be added to the coatin, buffer 

3 to .aci.itate better .peptide blndln, onto the plate, or beads. 
* Fn.U.cr. horseradish ..o.o.idasc (HRPO) conjugated moose 

5 monoclonal anti-human I* antibody or the HRPO conju,ated 

6 second antibodies from any other animal species may be osed in 

7 ,.,ace of. the HRPO-con^ated ,..t enti-numan 1,0 as the second 
8 

antibody tracer. 

9 The gelatin used in these processes can include call 

nUn gelatin, pig sKin gelatin, fish gelatin or any Known 
available gelatin proteins, or be replaced with albumin 
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H 



proteins. 
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wells or 96-well plates were coated at 4'C overnight 
(or 1 hour at 37-C). with each of the twenty peptides: IA. IB, 
,C. ID, IE, IF. IIA. IIB. IIC. 11D. HE. IVt. HG, UH. UIA, 
1HB. I1IC HID, HIE, and I1IF (see Table 1) prepared as 
described at 5 ug/mL at 100 uL per well in 10mW MaHC0 3 
buffer, p.. 9.5. The peptide coated wells were the 
with. 250 uL of 3\ by weight of gelatin in TBS at 37'C for 1 
hour to block non-specific protein binding sites, followed by 
three washes with PBS containing 0.05% by volume of TWEEN. 
and then dried. The test specimens were diluted with PBS 
containing 20% by volume normal goat serum, 1\ by weight 
gelatin and 0.05% by volume TWEEN 20 at dilutions of 1:20 
volume to volume, respectively. 200 uL of the diluted 
specimens were added to each of the wells and allowed to react 
for 15 minutes at 37*. 



I The -ells were then -ashed six times with 0.05* by 

Z .oh.™ TWEEN 20 in PBS in order to remove unbound antibodies. 
3 Horseradish peroxidase conjugated goat anti-human .,G -as used 
* as a second antibody tracer to bind -ith the HCV 

5 antibody-peptide antigen c.mp.ex formed in positive -ells. 100 

6 „t ol peroxidase labeled goat anti-human IgG at a dilution of 

7 |S „M in 1% by volume norma, goat serum. 0.05% by volume WEEN 

8 20 in PBS -as added to each -.11 and incubated at 37-C for 
9 

another IS minutes, 
10 The welU were washed, six Limes with 0.05% by volume 

II TWEEN 20 in PBS to remove unbound antibody and reacted with 
12 I00«L of the substrate mixture containing 0.04* by weight 

orthophenylenediamine (OPD) and 0,12* by volume hydrogen 
peroxide in sodium citrate buffer, pH 5.0. 

This substrate mixture was used to detect the 
peroxidase label by forming a colored product. Reactions were 
stopped by the addition of 100 uL of 1.0H H 2 S0 4 and the 
absorbance measured using an ELISA reader at «92nm (i.e. 
A 492 >- assays were performed in singlet at one specimen 
20 dilution (1:20) with a panel of eight representative HCV 

antibody positive sera, along with the specimen diluent blank, 
non-reactive, weakly reactive and strongly reactive .-trots 
(NRC, WRC, SRC) all in duplicates. 

Results obtained from this study are shown in Table 
According to the CIA absorbance readings at <92nm (y axis) 
and the amino acid sequences for each of the corresponding HCV 
peptides (x axis), representative immunoreactivity profiles are 
plotted for four of the eight sera as shown in Figures 1-1 to 
1-4. Relative {%) immuno reactivity index for each of the 31 
peptides is calculated using Peptide HID as a reference based 
- 33 - 
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1 ,„ the tot,» absorbance of eight sera .t 4»2« (See Tables 1 , 

2 and Z) . Fi,. 1 sho-s the amine acid sequences of the 

3 ^dominant region according to data presented in Tables 1 

4 and 2. and precise., delineates the amino acid residues 

5 (nnder.ined) that contribute (-.marginally. _ moderately. 

6 ana _ strongly) to the immnnoreactivities. 

7 .„ summary, epitope mapping analysis conducted with a - 

8 series of 31 overlapping peptide, covering an immunodominant 
region of HCV. spanning a total of 90 amino acid residues as 
illustrated in Table 1. reveals a varying degree of 

" im „u„oreactivities between different HCV antibody positive 
U samples ana these HCV peptides. Based on this study, several 
13 discontinuous epitopes are located within this immunodominant 
" region. Contrary to what is speculated by the conventional 

15 wisdom, it is found preferably to have peptides with longer 

16 amino acid chains, ideaily longer than 20. synthesized in order 
" to optimally present these antigenic determinants to HCV 

antibodies. 

Based on the above-mentioned epitope mapping study, 
four representative ElAs using peptide IIC alone, or a mixture 
of Peptides I IF and XXO. or a mixture of HF, II ID and V. or a 
mixture of IIH and V as the solid phase antigen were 
configurated for the following efficacy studies as demonstrated 
in Examples 2. 8, 9, 10 and 12. 
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25 

26 EXAdPiE-J. 

27 Detection of Antibodies to HCV by an 
2e E nzyme- hinh frl lni ni nos nrhpn ^ Assay - 

29 wells of 96 . W ell plates were coated at 4'C overnight 

30 (or for 1 hour at 37-C) with either Peptide HG alone at a 

- 34 - 
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' co.Un, concentration of O.Sug pe. «•> (designated as ,IC E.A) ; 
» or -ith , fixture of two Peptides Iff and .110 (designated as 
3 MF/.MO EIA) in a ratio b, weight of «.F=«..O.I:» at 1 n, per 
* wp 1 1 of the mixture in 100 uL lOmM NaHCO, buffer P H 9.5. The 
' peptide coated wells were then incubated with 250 ob of 3% by 
6 weight of gelatin in PBS at 37-C for 1 hour to.blocK 

non-specific protein binding sites, followed by three more 
washes with PBS containing 0.05% by volume of TWEEN 20 and 

The test specimens were diluted with PBS containing 
by volume normal goat serum. 1* by weight gelatin and 0.05* 
by volume TWEEN 20 at dilutions of 1:20 volume to volume, 
respectively. 200 uL of the diluted specimens -ere ndd.d to 
each of the wells and allowed to react for 15 minutes at 37-. 
" The -ells were then -ashed sis times with 0.05% by 

" volume TWEEN 20 in PBS in order to remove unbound antibodies. 
17 Horseradish peroxidase conjugated goat anti-human IgG -as used 
U ,s a second antibody tracer to bind with the 1ICV 
" antioody-peptide antigen complex formed in positive wells. 100 

20 U L of peroxidase labeled goat antl-human IgO at a dilution of 

21 1:1800 in 1% by volume normal goat serum. 0.05% by volume TWEEM 

22 20 in PBS was added to each well and incubated at 37"C lor 
23 

another 15 minutes. 

The wells were washed six times with 0.05% by volume 
" 5 TWEEM 20 in PBS to remove unbound antibody and reacted with 100 

27 ub of the substrate mixture containing 0.04% by weight 

28 otthophenylenediemine (OP0) and 0.12% by volume hydrogen 
„ peroxide in sodium citrate buffer. PH 5.0. This substrate 
30 mixture was used to detect the peroxidase label by forming a 

colored product. Reactions -ere stopped by the addition of 100 



1 „L ot l.OH H 2 SO, and the absorbance measured using an ELISA 

2 ceader at 4D2nm (i.e. A 492 ). Assays were performed in 

3 singlet at one specimen dilution (1:20) with all test 

* specimens. Each plate run is accompanied by a panel of eight 

5 controls including the specimen diluent blanR. negative. weuK 

6 »cv reactive and strong HCV reactive controls, all in 
duplicate. The strongly reactive control was adjusted by 
diluting a HCV positive serum in the specimen dilution buffer 
,t 1:300. which gave an absorbance value at 492nm of about 1.5 
whe n performed in this standard 45 minute .assay procedure. A 
cutolf value is calculated based on the following formula: 
Cutoff - (0.1 x SRC) • NRC. Both the raw absorbance 
(designated as signal) and the ratio of signal to cutoff are 
recorded for all specimens analyzed. 

The following groups of specimens were analyzed on the 
16 HCV peptide based EIA according to the present invention, with 
" the plates coated either with S ug/mL of peptide IIG or a 

mixture containing 5ug/mL IIF and 5ug/mL 11D: 
19 (a) A well-characterized HCV antibody positive control 
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based on serum dilutions; (on both IIG and IIF/IIID 
EIAS) 

<b) a panel of serum specimens derived from serial 

" bleedings of a single individual spanning a period of 

" sero-conversio* to anti-HCV reactivity; (on both IIG 

26 and IIF/IIID plates) 

2i ( C ) 264 normal serum and 264 normal plasma specimens from 

2fl commercial sources; (on IIG plates only) 

29 (d) ' individuals positive for HBsAg . (n-30); (on both IIG 

30 . and IIF/IIID plates) 

(e) ■ individuals positive for antibodies to HBc protein, 
(n-39); (on both IIG and IIF/IIID plates) 
- 36 - 



1 . (f) individuals with elevated (>100 I.U./L) alanine 

2 aminotransferase (ALT) en*yme activity, <n-174>; (on 

3 both IIC and IIF/1U0 plates) 

* (9) individuals positive tor antibodies to retroviruses 

5 HIV-Kn-100), HlV-2(n-10). HTLV-I/II (n-14) ; all 

6 .symptomatic (total n-124); (on both 1IG ahd IIF/IIID 



7 plates) 

8 („) individuals with AIDS » ARC(n-2Q0) or ATL (n-170) 

9 disease, (total n-270); (on both IIG and IIF/IIID 
10 
11 
12 



plates) and 

(i) individuals with autoimmune disease (n-20) . (on IIG 

plates only) 

13 (j) recombinant SOD/HCV C-100 HCV-EIA repeatably reactive 

specimens obtained from a random donor population, 
(n-23). (on both IIG and IIF/IIID plates). 
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Results obtained from groups (a) and (b) are presented 
in Figs. 2-1 and 2-2 respectively (data obtained on IIG plates 
only), from group (c) in Figs. 3-1 and 3-2; from grovps (d) to 
(i) in Fig. 4, from group (>) in Table 3 and Figs. 5 and 6. 

in brief, as shown in Figs. 2-1 and 2-2; a caparison, 
by signal to cutoff ratio, between the peptide based HCV-EIA of 
the present invention employing peptide IIG and that of 
cecombinant SOD/HCV C-100 protein based HCV-EIA produced by 
Chiron/Ortho. Similar dilution titers and equal ability to 
identify date of seroconversion, the two parameters indicative 
of each assays sensitivity, are obtained for both assays. 
However, the assay according to the present invention is more 
sensitive and confers a higher signal to cutoff ratio to its 
positive specimens. 
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. Peptide 

.rONJ ^ Bc OTHER HCV-tU 

5 S ^: E S E s£ liStl is/ci positives s/c 
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0.57J 
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18 
19 



SAMH.F. 
11) "o. 


HCV 
S/C 


RPT 

s/c 


RPT 

s/r 


1 


IM 


5.33 


5.56 


5.56 


2 


.»K0 


5.76 


5.56 


5.56 




MA 


1.98 


2.45 


2.45 


4 


M7 


5.7? 


5.68 


5.68 


5 


',61 


1.74 


2.75 


2.47 


6 


h7 5 


0.93 


1.33 


1.54 
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7 20 


5. KB 


5.68 


5.68 


8 


77 3 


5.5fi 


. 5.68 


. 5.88 


Q 


7 07 


3.79 


4.35 


4.29 


10 


fl69 


5.66 


5.59 


5.5? 


11 


fl73 


5.66 


5.59 


5.59 


12 


1«>03 


1.63 


1.24 


1.01 


n 


107 3 


5.73 


S.59 


5.59 


1- 


1099 


1.72 


1.76 


1.94. 


15 


1118 


5.59 


5.79 


5.79 


16 


1U6 


0.93 


1.3B 


1.38 


17 


1501 


5.75 


5.67 


5.67 


18 


1-530 


1.27 


1.48 


. 1.50 


19 


1557 


0.91 


1.29 


1.28 


20 


l'*»52 


2.06 


2.64 


2.72 


21 


1U77 


5.59 


' 5.63 


5.63 


22 


1140 


1.64 


1.47 


1.17 


n 


2017 


5.60 


5.84 


5.84 
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57/56 0-08. HBcALT » 



86/56 



11 io z I.;: - i-2 

» ll .2 5:5 fcS SE " 



2.07 HIV, ALT 8-*25 

0.38* HBC.XLT 



1.189 



0,078 

17 /56 0.»< "BC 2.594 

10/56 1." °^ B3 

U 15 5.59 5.79 5.79 10/56 0.11. «Bc 

. a Q -» lib 1.38 18/56 _ ... 
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36/56 1.99 



5.349 



0.385 



» ,, 1357 0.U l.« !» »'» [;„ 0.1» 

n » ».» ?•» IKS I;U ALT " o.osz 



20/56 220 
1.72 
2.16 
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0.19. HBc 6.786 
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21 due Uw competitive binding principle of this assay. 



22 

23 

1U 

25 

26 
27 
28 
29 
30 



- 38 - 



M shown in Figs- 3-1 •«» »-«■ the ,rC<, " CnCy 
ibution of the HCV-EIA si,,.,, to cutoff ratios, -sin, 
„tlU. at to,*, as the coating concentration, that -as 
obtained with »« nonaa. seru. ana ^ nonna. plasma specimens 
tor co^nercia. sources suggested a repe.tably reactive rate of 
ana 3.4* respective.y. These percentages ... relat.ve.y 

7 high compared with those reported in field clinicai tri.ls 

8 (usually 0.5-1.0*) using the rDHA HCV c-100 based EfA Kit 

» (Ch i.on,0.tho>. Ho-ever. in the assay according to the present 
'° invention, the mean s/c ratios for the negative (n-»0) ana 
U screened out positive (i.e. n-14> serum specimens are 0.0,4 ana 

12 , 20 , respective.y: for the negative <n-2S„ ana positive <„..) 

13 normal plasma specie the mean ratios are 0.08, ana 7.08, 
" respectively. Such a sharp contrast between the screened out 
" positives and ail the negatives probably precludes the 

" melihood of a high false positive rate. Since these norm,. 

17 specimens are derived from eo™.ercial plasma centers where the 

18 paid donors usually represent a population with higher 

" incidence of viral marKers than the rigorously monitored blood 

20 b anKs. a higher repeatably reactive rate is also considered 

21 reasonable. Previous clinical studies indicated that between 7 

22 to .0 percent of patients receiving transfusions develop.* 

" ttANPH , where 90V of these post-transfusion hepatitis cases are 
" caused by the NANBHV(S). These reports also provide son* 
" 6 support to the interpretation of the data obtained herein that 
2 , a high reactivity represents a true positive result. 

Results obtained from the screening of a total o£ 877 
well-characterized clinical specimens previously categorized 
into six groups, fro* (d) to (i) using a representative lot of 
pIa tes coated with Peptide 1IG. were plotted on a histogram as 
shown in Fig. 4 . 
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1 Fifteen out of fifty O-e- »•»> HBs ** «" iets ' 5 out 

2 .( 39 (i.e. to) HBc antibody positive individuals. 43 out of 

3 ,74 (i.e. 24.7%) individuals with elevated ALT enayme activity. 

4 , out of 124 («.*%> asymptomatic individuals with retroviral 

5 antibodies. 6 out of 270 (i.e. 2.2%) individuals with 

6 .etrovirai related disease, and 0 out of 20 (i.e. 0%) 

7 individuals -ith autoimmune disease -ere found to be repeatab.y 

8 reactive with the peptide HCV EIA of the present invention 

9 using peptide IIC. All these positive specimens -ere also 

10 found to be positive -hen tested on peptides >.r/II» «CV E.A. 
U although with much higher s/c ratios. 

12 A nn.ch higher percentage of positive cases -as found 

13 with those -ho have abnormal liver functions (24.7%) or 
U previous infection^ -ith Hepatitis B (30% and 8%) -hen 

" compared to those with other infections or diseases (e.g. •.»%. 
16 

2.2% and 0%). 

17 Note: Sera from HBsAg carriers were Kindly provided by the 

18 infectious Diseases Laboratory of the American Red 

19 cross; sera from HDc antibody positive donors were 

20 obtained from Boston Biomedica Inc.; sera from 

21 individuals with elevated ALT levels (>100 I.0./L) 

" were obtained from both Boston Biomedica Inc. and NABI 

" laboratory; sera from asymptomatic individuals with 

" retroviral antibodies (Hiv-l and HTLV-1) were obtained 

" 6 from New York Blood Center, and those with HIV-2 

27 antibodies were from Guinea Bissau of West Africa. 

28 Kindly provided by Dr. 0. Varnier of Italy.; sera from 

29 patients with ATL were Kindly provided by the Japanese 

30 Red Cross; sera from patients with AIDS and ARC. were 
Kindly provided by Dr. D. Know Us at Columbia 
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» University College of Physicians a»d S».«,eons. ,n<l Or. 

I F. Siegal at the Long Island Jewish Hospital: »ra 

5 Com patients with various con.plicati.ns of autoimmune 

» diseases were kindly provided by Oc. N. Cnior.ssi ot 

5 the Cornell University Hedical School. Ail ser, have 

6 . been characterised by additional licensed serologic 

7 markers before inclusion in the current study. 

8 Table 3 illustrates results obtained -ith the peptide 
' hased MCV £ I A described in this invention on a panel of 23 

" recombinant HCV EIA repeatably reactive specimens obtained from 

II a random donor population. Data on each specimen's ALT level 
" and H6C antibody reactivity are provided as supplemental 
13 information for indirect confirmation of HAN9H status of the 

positive donors. As can be seen from the Table, all eight 
specimens with indirect confirmation of their HANBH status 
scored positive in the peptide based EIA according to the 
present invention (on both I1G and IIF/11ID plates). In 
action, four specimens that scored high on the peptide based 
assay also .scored as strong positives by the recombinant HCV 
EIA. thus further confirming the HCV positivity of these 
specimens. Only one specimen scored marginally positive on the 
peptide based HCV EIA. which lacks the other markers. However, 
this specimen scored positively -ith the recombinant HCV E.A. 
T,.e remaining ten sp t cimens that scored negative by the peptide 
based EIA according to the present invention all had a marginal 
s/cutoft ratio of between 0.9 to 2.6. Fig. 5 provides a direct 
j3 correlation between the peptide based HCV EIA of the present 
„ invention and the recombinant based HCV EIA by their respective 
30 s/cutoff ratios for this panel. Thus, the peptide based HCV 
EIA of the present invention can clearly differentiate the 
- 41 - 
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1 ratably reactive specimens previously screened «»t by ..he 

1 „.HA based HCV EI A into two distinct ,.oups. . positive ,.o«P 

J w hi cb correlated hi.h.y to those with other Known HAHBH m „Ke,s 

* ,„0 a noo.tive ,roup which probably represents specimen, w.th 

5 e.trancous reactivities unrelated to HCV. In addition to rts 

6 use as a screenin, assay, the peptide based HCV E1A .ay also 

7 function as a positive confirmatory test for the .UNA based HCV 



El A . 



Note: 



This well-characterired serum panel was Kindly 
U provided by Or. C. Fang of the American Red Cross QC 

12 

laboratory. 

13 
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Detection of Antibodies to HCV 
Bv_jj.n_A_g.aA.Mi. UaULoji. .bj. sjid__\ssay. 



The presently claimed KCV peptics, synthesized 
according to the Merrifield solid phase method, can be 
19 conjugated to bovine serum albumin (BSA) by a simple 

crossl inking method in the presence of a low percentage of 
glutaraldehyde solution (0.025*). or with other crosslink 
reagents such as m-maleimidobenzoyl-N-hydroxysucci.imide ester 
23 (MBS ) according to a previously published procedure 
" (Biochemistry. 18:690-697, 1979). For example: to 0.32 mL. of 
" a bsa solution (10 mg/mL in 0.01 M phosphate buffer. pN 7.0) at 

26 room temperature is added 0.013 mL of an MBS solution (0.025 

27 -VmL indimethyiformamide). The amount of MBS added to the 

28 BSA solution can be varied dependent on the optimal molar ratio 

29 of BSA to MBS determined for a specific coniugate studied. The 

30 mixture is stirred at room temperature for 1 hour, after.which 
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» it „ ccntrifuged to remove any precipitated albumin. The 

' cl ,0 mixtu.e is then subjected to gel fixation on 

» Sephaaex G-» ana the protein-containing fraction,, as aetectea 

* by their -bsorbance at 280 », ... P~- - f '" en 
5 -70-C until neeaea. 

* The peptiaes ate aissolvea in H 2 0 at 10 mg/mL. * 

7 predetermined amount .. each peptiae soiuticn .. aaaea dropwlse 

8 to the previously aetivatea BSA-HBS solution ana stirred at 

9 t oo* te-pe.-U.re tor 3 hour.,. The (I... Peptide-BSA conjugates 

10 are soparatea from other free peptiaes by ,e. nitration or 

11 extensive dialysis. The ratio ». Peptide to BSA is determined 

12 by Sl'S-PACE according to conventional methods . 

13 using the above mentioned peptiae-BSA conjugation 
" process, conjugated peptiae IICDSA was absorbed to double 

15 .Idehyd. fixed human 0 erythrocytes at P H 4.0. The 

16 peptlde-conjugate coated erythrocytes were then treatea with 

17 NaBH . to prevent non-specific protein binaing. The 

" peptide-conjugate coated erythrocytes were th a with PBS 

" ,„„ incubated with « normai human serum-PBS solution. These 
" processed cells were then usoa in an agglutination assay tor 
" the detection of HCV antibodies in both serum and plasma 
22 specif. The specimens were diluted 1:10 in a : :amp,e diluent 
buffer and an egua. volume of the indicator ceils (50 u,.> was 
mixed with the diluted specimens. The elimination pattern 
" 6 was settled within one hour; and the assay results were read by 
27 the naxed eye and further q u,ntitated by an optical aevice 
2$ (manufactured by Olympus Corporation) which gave a P/C ratio. 
„ „ determined by the absotbance readings of the periphery and 
30 center of the wells. In this experiment, a P/C ratio of 20 wa, 
set as the assay cutoff value, i.e. a positive agglutination 
pattern had a ratio of<20 and a negative pattern. >20. 
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A total of 20 cDNA HCV EIA repeatably reactive 
specimens were tested for antibodies to HCV in the 
above-described HCV passive hemagglutination assay (PHA) 
employing Peptide IIC-BSA conjugate as the solid phase. Figure 
f, provides a correlation study between the peptide based HCV 
rilA and the recombinant based HCV EIA by their respective P/C 
and r./c ratios. All samples with s/c EIA ratios higher than 3 
were found to be positive with the HCV pha. test, with the 
exception of one. all specimens having borderline s/c ratios 
(between 0.9 to 2) scored as negative in this PHA test. 

EXAflEL£.J 

Detection of Antibodies to HCV By An 
Agglutination Assay Utilizing As the Solid Phase 

Immunosorbent Gelatin Partic les, Erythrocytes 
<»f Different Animal Species. Or Latex Particles 
CaaLe_d_w UJu^ UiLU.Cfi_pJ_HCy_ Pe p t i des 

One mL thoroughly washed erythrocytes, gelatin 
particles, or polystyrene latex particles are coated with the 
HCV peptide mixture, or conjugates thereof at an effective 
concentration. The peptide mixture, or conjugates thereof, 
coated cells or particles are then incubated with serially 
diluted serum samples in the wells of a 96-well U-shaped 
microplate or on a slide. After being left rnnm trmp.jratnre 
for about an hour, or a few minutes in the case of latex 
particle based microagglutination, the settled agglutination 
pattern on the bottom of each well or on the slide is read: and 
the highest dilution showing a positive reaction is recorded. 

This is a one-step assay which can be used for both 
qualitative and quantitative detection of antibodies to HCV in 
specimens including sera or biofluids. 
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1 EXA nELt - 5 

2 A test Kit for detecting HCV antibodies using .» 
„„„tin.tion assay comprises a consented enclosure 
containing multiple micro-ell pl.t.. .nd other .ccessory 
materials for an agglutination assay including (1) a bottle of 
,k:v peptide coated erythrocytes, gelatin particles or l.tes 
polystyrene particles; (2) a negative control; and. <3> .n 
inactivated HCV positive control, and («> specimen diluent. 
The procedure described in E.ampies 3 and « is to be tollo-ed. 
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An enzyme immunoassay based diagnostic test kit for 
u the detection of HCV antibodies can be constructed. The test • 
IS kit comprises a compo rtmented enclosure containing multiple 
» 96-well plates coated prior to use with the HCV peptide or 
„ peptide mixtures of the present invention in 100 uL P H 9.5 10*1 

18 MeHC0 3 buffer.. The kit further comprises materials for 

19 eozyme decection In scclcc »nl.lm»i ttftii.lii* of: 
1, a negative control; 2) an inactivated HCV positive control; 

21 3) specimen diluent; 4 )■ peroxidase labeled-second antibody to 

22 human IgG; and 5) a color change indicator consisting of. for 

23 ex,m P .e. orthopheny lenediamine (OPD) and hydrogen pecor.ide in a 
2« phosphate citrate buffer. The procedure described in Examples 

25 i and 2 is to be followed. 

26 m this test kit, 96-weli plates, precoated with a 

27 peptide or peptide mixture of the! present invention, can be 

28 replaced by polystyrene beads.or Multiple mini-columns filled 

29 wi th controlled pore sU, glass beads, or nitrocellulose paper 

30 strip, precoated with the peptides of the present invention for 
use as the solid phase imuunosorber.t .. / 



1 EX WJ,£ J. 

2 immunization with Octameric HCV 
rertidesTor the Elicitation of Sustaining High 

3 .. .... Jitecs.ot.IICV. Antibodies 

k in addition to the use of synthetic HCV peptides as 

[ i,nmunnaens foe the generation of sequence-related anti-HCV 
? B „tibodies for the ultimate development oC an epitope-based 

' 8 suhnnit NANDH vaccine, another approach using a limited 

9 SRn ,,cnMa> propagation of a ,r i functional amino acid .ysine to 

• 10 form o core that serves as a low-moled Li weight matrix 

n carrier tor peptide immunogens can also be applied. The 

12 tri functional amino acid. Boc-Lys(Boc) . is part.cnieily 

n suitable since both H-« and N-C amino groups ar« available as 

w reactive ends. Thus, sequential propagation of Boc-Lys(Boc) 

M „ will generate 2" reactive ends. The first level coupling of ' 

•l6 Boc-Lys<Boc> will produce two reactive ammo ends as a bivalent 

17 carrier. The sequential generations oZ a recond and third step 

18 with Boc-Lys(Boc) will produce carriers containing 

19 courUetra-valent), and eight (octa-va lent) reactive amino ends 

20 lo which peptide antigens are attached. 

21 The HCV peptides as described in this invention can be 

22 incorporated onto this carrier system as ill.«tr.^ -1™ for 

23 the development of sustaining high titer HCV anUI-U^ in 
2U mammals, including humans. 

25 
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1 HCV peptide^ 

2 HCV peptide /K 



3 HCV peptide. Si 

* HCV peptide^ \ 



ide^ V 

■ la N/\ 



5 HCV peptidt 

6 HCV peptid 

7 HCV peptide 



> 

0 HCV peptide^ 



10 octameric HCV peptides of the present invention (Table 

11 „ using the solid Phase method of Merrifield are synthesized 

12 by an automated peptide synthesizer, either Applied Blosystems 
U (AB1) Model 430A. or Biosearch Model 9500. 

U Both acid-labile tert-butylozycarbonyl (t-Boc) and 

" acid-stable groups are used for the protection cf amino 
" acid and the functional side chains of the amino acids during 
" the synthesis, respectively. The octameric peptides are 
18 synthesized by coupiing onto , synthetic oct**. "»!«. 
" An octamer resin is prepared by coupling di-t-Boc Lys 

20 onto 0.14 mmol/g MBHA (4-Methyl benzhydrylamine) resin. 
" (Biosearch 9500 is used for this preparation due to its 
" flexibility in scale). Di-Boc Lys single coupling is Cl.owed 
" by t-o capping reactions (e.g. 0.3M Acetylimidazole in OMF 
2J dimethyltormamide). The substitution level of synthetic 
26 octamer resin is determined by Ninhydrin Test. 
„ ouncan Hartly random bred female guinea pigs (two pet 

28 immunogen). weighing 400-500 gms. are used as the hosts. For 
• 29 initial immunizations, ah aliguot of 100 eg octameric HCV 

30 peptide in 0.5 ml, PBS is mized -ith an egual volume of complete 
Freund's adjuvant and injected into each animal both 



1 subcutaneously and intradermal^ over multiple sites. After 

2 wo to three weeks of rest, an identical dosage of the same 

3 immunouen is given as a boost into each animal except that 

6 incomplete Freund's adjuvant is used. The animals are bled by 

5 heart puncture periodically to monitor each serum's anti-HCV 

6 titers. Subsequent booster shots ere given periodically. 



7 



o Relative (\) Immunoreactivi ty for 

* Synthetic Peptides By An 

EDRyjoe-Unkfid„jjmRVi.nQ a_dsQ*Jbej»*_A$$*Y 
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wells of 96-well Plates were coated at 4'C overnight 
(or 1 hour at 37-0), with each of the additional nine peptides, 
VA, VB. VC. VD, VE <-v>. VIA. VIB, VIC, V1D, VIE <see Table 1 
for the above mentioned peptides), at 5 ug/mL at 100 uL per 
well in lOmM NaHC0 3 buffer. P H 9.5. Each peptide's 
immunoreactivity was measured as previously described in 
Example 1. Results obtained for the 10 peptides in the V and 
vi series atr *Uu~» i.. Table 2. According to the El A 
absorbance readings at 492nm (y axis) and the amino acid 
sequences for each of the corresponding HCV peptides (x axis), 
representative immunoreactivi ty profiles are plotted for four 
of the eight sera on the 10 peptides in the v and vi 
together with the first twenty peptides in the 1. U and 111 
series, as shown in Figures 1-1 to 1-4. Relative <\) 
immunoreactlvity index for each of the additional 10 peptides 
is likewise calculated using peptide HID as a reference. 
Additional clusters of residues, such as ASRQA and EVIAP. that 
are identified with these 10 peptides, were found to contribute 
additionally to the overall HCV antitody reactivity. 



1 



,n sun-nary, epitope mapping analysis conducted with a 

2 series of overlapping peptides reveals a varying degree of 

3 inuu.noteactivities between different HCV antibody positive 

< samples and these HCV peptides. Based on the above-mentioned 

5 epitope mapping study, a third representative EIA using 

6 peptides 1IF, HID and V as the solid phase antigen was also 

7 configurated for testing as shown in ExampJe 9 in comparison to 
that using peptide UF and IIID. 
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Detection of Antibodies tb HCV in Ser ial Samples 
by _Eo? yjw^nfcsiJ j^rounpseiteii^A asa_yj 



(a) A coded panel consisting of 24 samples derived 
from a case of transfusion transmitted NANBH were tested in two. 

13 types of EIAs using plates coated with either a mixture of IIF 

16 and II ID at 5. 5 ug/ml, or a mixture of IIF, HID and V.at 5.5.5 

17 ug/mL. The panel was provided by Or. H. Alter of HIH and the 

18 results were decoded by his laboratory. 

19 as shown in Figure 7-1. the two anti-HCV profiles, as 

20 tested by two formats, using Peptides IIF/IIID/v coated plate 

21 (Curve A) and Peptides IIF/IIID coated plate (curve B) 

22 respectively, spanning a ten year period revealed an 

23 interesting contrast. 

2ft According to the record, the seronegative patient 

25 received HCV contaminated blood units on August 20, 1980. As a 

26 result of the transfusion, a trace amount of passive HCV 

27 antibodies was detected in the recipient's serum by format A. 

28 Active development of HCV antibodies by the recipient became 

29 detectable by both formats from November 14th on (about three 

30 months after the initial transfusion). The HCV antibodies. 
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developed as a result of HCV infection through blood 
transfusion, persisted throughout the next ten years. Higher 
antibody signals were detected by plates coated with an extra 
peptide V (curve A) in sera collected four months after the 
transfusion, it appears that the epitope presented by peptide 
V, representing a neighboring immunodominant region, elicit; 
8 abundant HCV antibodies at a slightly later stage than the 
^ epitopes represented by peptides IIP and Uin. 
10 <b> SOrial s * m * 1 ** from one representative case of a 

^ hemodialysis patient with NAKBH were provided by Or. Cladd 

l2^ WnS -° C NW Bl6od *hter, N.Y.. N.Y., an d tested on 

Plates coated w it „ . roixture of ^ uepfci<les iriF/UD/v 
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The sample histories are shown in Figure 7-2. The" results show 
that the peptide based EIA detects samples about two months 
after the onset of the acute phase of the disease as evidenced 
by the ALT elevation. 

(c) Serial samples from a lepresentati ve chimpanzee 
»«« U.M with a pe ? ti- h 3r -cd no, «A MilHI a raiKtlire of 
1HF/UD/V peptides. This chimpanzee was . inocu lated on day 0 
with a well-characterized strain of NANBHV . Following the 
acute phase of infection as evidenced by the rise of the ALT 
levels, antibodies to HCV were detected ah,,,.. r, n „, y: , r , Vf 
inoculation iFigure 7-3J. 

E.XAHPLE..1Q 

Screening of Low Ri sk Random Blood Donors 
ai^lL^h^_J^ P J^ de _R 3L Sfid _HCV ETA 

2035 donor specimens obtained in a blood bank setting 
were tested by EIA coated with a mixture of Peptides IIP. HID 
and V at 5 ug/mL each following the procedure described in 
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1 Example 2. The results are shuwn in Figures 6-1 and 8-2. The 

2 tmiuimcy distribution of the peptide based HCV-E1A signal to 

3 cutoff ratVos. suggested an initial reactive rate of 1.18\ and 
* a repeatably reactive rate of 1.08 respectively. 88% of the 

5 initial reactive specimens are repeatably reactive indicating a 

6 high reproducibility of the assay. The repeatably reactive 

7 rote of the peptide based HCV El A obtained with the low risk 

8 random blood donor specimens, all volunteers, is lower than 

9 t | W i obtained from the commercial paid donor population (See 
10 

Example 2) . 

11 

12 EX_AMF_UE„U 

ij synthetic Peptide Based HCV Neutralization E1A 
As_a.jConU.cma.tp urJXesX 

wells of 96-well plates were coated at 4-C overnight 
(or for 1 hour at 37-C) with a mixture of two peptides IIP and 

17 mo at 5 ug/mL each in 100 uL lOmM NaHC0 3 buffer P H 9.5. 

18 Repeatably reactive specimens previously screened out by the 

19 direct HCV EIA were incubated with either a control specimen 

20 d ii ue nt buffer (i.e., PBS containing 20* by volume normal goat 

21 serum. l\ by weight gelatin and 0-05\ by volume Tween 20) at a 

22 dilution of 1:20 volume to volume, or with the same specimen 

23 diluent buffer containing varying amounts of a HCV pertjdo 
analogue IV (see Table 2 for its amino acid sequence) and 
allowed to react for an hour at 37*. 

26 200 oL of th e peptide IV neutralized specimens were 



14 
15 
16 



2U 
25 



27 



then added to each of the wells and allowed to react for 15 

28 minutes at 37* , followed by the EIA procedure as described in 

29 Example 2. Four representative reactive samples including two 

30 weakly react.ives and two strongly reactives were tested. One 
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1 of U.e st.org reactWcs was further diluted at 1:10 in. the 

2 specimen diluent prior to neutralisation testing. As shown in 

3 Figun: 9 and Table «. a dose dependent inhibition (or 

|* neutralization! of MCV EIA was observed with peptide IV. when 

5 compared with the controls, a signf iciant inhibition was 

6 obtained with all four specimens even at a concentration of 50 
7 



8 
9 

10 
11 
12 



iitj/ml. peptide IV. 

EXAMPLE 12 



Detection of Antibodies to HCV in 
__H.eR0.d MU-ys-i s_i>a.ti e.nU..by_ E \ a — 



A coded panel consisting of 74 samples from a group of 
li hemodialysis patients was tested in two types of EIAs using 
H Plains coated with- a mixture of HCV peptides I IH and V at 10.5 
^15 ug/mb or a recombinant HCV protein based EIA. The panel was 
"l6 provided by investigators at the Japanese National Institute of 

17 Health and the results were decoded anc compared to the 

18 recombinant HCV protein based EIA by the sera provider. 

19 . As shown in Figure 10. an x-y plot of the A492 nm 

20 readings for the peptide based HCV EIA and the recombinant HCV 

21 protein based HCV EIA revealed a high correlation between these 

22 two ,,„ays. (a' cutoff value of 0.2 and 0.4 was ohtain-l b*sed 

23 on the corresponding assay design !) These 74 specimens 

24 obtained from the hemodialysis patients who are highly 

25 susceptible to HCV infection were grouped into four categories 

26 based on their respective reactivities with these two types of 
EIAs. The upper right block indicates samples that are scored 
positive by both assays, and the lower left block indicates 
samples that are scored negative by both assays. None of the 
74 high risk samples were found positive by the recombinant 
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» based EIA and negative by the peptide based EIA as shown in the 

2 „ r „er .eft biocK; -here., five of these 7, high risK saa-ples 

J sro.ed positive by the peptide based EIA and negative b, the 

6 recombinant based EIA as shown in the lover right Mod 

5 indicating that the peptide based HCV EIA is more sensitive 

6 when tested with specimens derived from patients at high rishs 
Cor HCV infection. 
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e*ample_u 



Detection Of Anti-HCV Activity .In Rare 
jfcejcJmjmsJtlt^ 



9 

10. 
11 

12 These results are representative of the acute phase of 

U HCV infection by synthetic peptides of Peptide VII series, 

14 covert a region near the C-terminus of the Krj««UJiW«. 

15 ant. Peptide IIH from the immunodominant region. 

16 wells or 96-vell plates were coated at 37-C for 1 hour 

17 with each of the six peptides VIIA. VI1B. VIXC, VIID. IIG and 

18 HH. at 5 ug/mL at 100 «L per well in lOmM HaHC0 3 buffer, P H 

19 s.5- Each peptide's immunoreact ivi ty with the respective 

20 specimen was measured as previously described in Example 1. As 

21 shown in in Table 5. weak immunoreact ivi ty was obtained with 

22 sp ecimen 3 for peptides VUC and VHP, but not vj,A .n* VHB. 

23 Moderate immunoreact ivity was obtained with specimon HAU-2-2 
2* for peptide UN. but not IIG. Both specimens were found to 

25 hav e high ALT level and are representative of specimens from 

26 patients with acute phase of HCV infection. 
27 

28 
29 
30 
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SpficliMin Ho.- 
HAB-2-2 13 
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0.109 
0.224 
0.674 
0.656 



10 



U is to be understood that the above examples are 



12 illustrative of the present invention 

13 limit the scope thereof. 
U 
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I we CLAIM: 
2 

3 1. A peptide composition comprising a peptide with 

4 an amino acid sequence selected from the group consisting of: 

■ (i) FX.SCQHL.PYIEO.GIWLA.EQFKO.KALGL.LOTAS.ROAEV.IAP-X (D 

? (||) 1 1 . PDREV , LYREF , DEMEE , CSQHL , PY 1 EQ , GMMLA , EQFKQ , KALGL-X (II) 

. <iii> SG,KPAI I .PDREV, LYREF. PEMEE, CSQHL, PYIEQ, GMMLA, EQFKQ, 
KALGL-X 

9 <iv) CV . V I VUR , VVLSG , KPA 1 1 , PDREV , LYREF , DEMEE , CSQHL , PY I -X (III) 

10 (v) SG . KPA 1 1 , PDREV, LYREF, DEMEE, CSQHL, PYIEQ, GMMLA, EQF-X (IV) 

II (vi) kq.kalgl.lqtas,rqaev,iapav;qtnwq,kletf,wakhm. W nf-x (V) 
12 (vii) eq,gmmla,eqfkq,kalgl.lqtas,rqaev,iapav,qthwq,klet-x (VI) 

13 

and 

U (viii) PGALV , VGWC , AAI LR , RHVGP , GEGAV , QifMNR , L I AFA , SRGNH , 

15 vsp-x 
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(ix) analogues, segments, mixtures, combinations, 

conjugates and polymers thereof. 



2. A peptide composition according to Claim 1 
comprising a combination of Peptides I, II. HI and V and 

21 having the amino acid sequence: 

22 CV . V I VGR , WLSG . KPA 1 1 . PDREV . LYREF . DEMEE . CSOHL . PY I EQ . 

23 GMMLA , EQFKQ. KALGL. LQTAS , RQAEV . IAPAV , QTHWQ. KLETF.WAKHM. 
21* WNF-X 

25 wherein X is -OH or -NH 2 and analogues thereof. 
26 

27 3. A peptide composition according to Claim 1 

comprising a segment of Peptide II and having an amino acid 
sequence selected from the group consisting of: 



28 
29 
30 
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1 (i) CSQHL , PY I EQ t GMMLA , EQFKQ , KALGL-X ; 

2 (ii) DEMEE . CSQHL , PY I EQ » GMMLA * EQFRO* KALGL*X ; 

3 (Hi) LYREF, DEMEE, CSQHL, PY I EQ. GMMLA .EQFKQ, KALGL-X; 

U (i v) PDRF.V ', LYREF , DEMEE , CSQHL . P.Y I EQ, GMMLA , EQFKQ, 
KALGL-X,' 

5 (v) I I , PDREV , LYREF, DEMEE, CSQHL, PY I EQ, GMMLA, EQFKQ, 

6 KALGL-X; 

7 (vi) SO , KP AI I , LYREF , DEMEE , CSQHL , PY I EQ < GMMLA , EQFKQ , 

KALGL-X; 

9 wherein X is -OH or -NH 2 and analogues thereof, 

10 ^ t ft peptide composition according to Claim 3 and 

11 having an amino acid sequence as follows: 

12 SG, KPA 1.1 , PDREV, LY REF, DEMEE, CSQHL, PY I EQ, GMMLA, EQFKQ, 

13 KALGL-X 

" wherein X is -OH or -NH 2 or an analogue thereof. 
15 



16 5. A peptide composition according to Claim 1 

comprising a segment of Peptide III and having an amino acid 
sequence selected from the group consisting of: 



17 
18 
19 

2Q (i) II, PDREV, LYREF, DEMEE, CSQHL, PY I -X; 

2J SCKPAII , PDREV, LYREF, DEMEE, CSQHL, PY I -X; 

(iii) GR , WLSG , KPA 1 1 , PDREV , LYREF . OEMEE , CSQHL , PY I -X ; 

(iv ) CV , V i VGR , VVLSG • KPA 1 1 , PDREV , LYREF . DEMEE , CSQHL . 
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PYI-X 

wherein X is - OH or -HH 2 and analogues thereof. 

6 . A peptide composition according to Claim 5 and 

27 having an amino acid sequence as follows: 

28 SG , KPA I I , PDREV , LYREF , OEMEE , CSQHL, PYI-X 
wherein X is -OH or -NH 2 or an analogue thereof. 



29 
30 
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1 7. A method of detecting, in body fluids, antibodies 

2 to hepatitis C virus (HCV) or diagnosis of HCV infection or 

3 NANDH comprising the steps: 

* (i) Preparing a peptide composition according to 

Claim 1; 

6 (ii) Using an effective amount of the peptide 

7 composition as an antigen to form a complex 

8 with antibodies to HCV or NANBHV; 

9 (iii) Detecting the presence of the complex of 
• peptide with antibodies to HCV or NANBHV by an 

enzyme linked immunosorbent assay, an 
immunoradiometric assay or an agglutination 
assay or other immunoassays- 



10 
11 
12 
13 
lft 
15 
16 
17 
18 
19 
20 
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23 
2ft 
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27 assay. j 



8. A method according to Claim 7 where in the 
peptide composition is coated on a solid substrate. 

9. A method according to Claim 8 wherein the step of 
detecting the presence of the complex of peptide with 
antibodies to HCV or NANBHV is by means of an enzyme linked 
immunosorbent assay. 

10. A method according to Claim 7 wherein themethod 
of detecting the presence of the complex of peptide with 
antibodies, to HCV or NANBHV is by using an immunor adiometr ic- 



28 j 

n . A method according to Claim 7 wherein the method 

29 I 

30 of detecting the presence of the complex of peptide with 
antibodies to HCV or NANBHV is by an agglutination assay. 
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1 12. A method according to Claim 7 wherein the peptide 

2 composition is o combination of peptides I. II. HI and V and 

3 having the amino acid sequence: 

j GMMLA . EQFKQ . KALGL, LQTAS . RQAEV . 1 A PA V . QTNWQ . KLETF . WAKHM 



whorein X^s'-OH or -NH 2 or an analogue thereof. 



8 13. A method according to claim 7 wherein the peptide 

9 composition comprises a segment of Peptide II and has an amino 
10 acid sequence selected from the group consisting of: 

n (i) cSQHL,PYlF.Q,GKM1.A,F0FKQ,KA1.r.l,-X; 

n (i i) UEMEE , CSQHL , PY I EQ , GMMLA , EQFRQ , KALGL-X ,* 

u (iii) LYREF, DEMEE . CSQH L. PYIEQ, GMMLA . EQFKQ , KALGL-X ; 

POREV , LYREF, DEMEE .CSQHL. PYIEQ, GMMLA . EQFKQ , 
KALGL-X; 

1 1 , PPREV , LYREF , UEMEE . CSQHL , PYIEQ. GMMLA , EQFKQ . 

16 * KALGL-X 

17 (vi ) SG , KPAI 1 . POREV, LYREF, OEMEE. CSQHL, PYIEQ* GMMLA, 

EQFKQ, KALGL-X 

18 wherein X is -OH or -NH 2 and analogues thereot. 



14 U v > 
15 



(v) 



20 14. A method according to claim 7, wherein the 

21 peptide composition comprises a peptide having an amino acid 

22 sequence: 

23 POREV , LYREF . DEMEE , CSQML . FY I EQ . GMMLA . EQFKQ . KA LGL- X 
2^ wherein X is -OH or -NH 2 or an analogue thereof. 



25 
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15. A method according to claim 7 wherein the peptide 
composition is a segment of peptide HI and having an amino 
acid sequence selected from the group consisting of: 

(i) 1 1, PDREV. LYREF, DEMEE, CSQKL.PY1-X ; 

( i i ) SG. KPAI I » PDREV , LYREF , DEMEE , CSQKL , PY I -X ; 
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1 (iii) UR.VVLSU.KIAII.rDREV.LYREF.OEMEE.CSOKL.rYI-X; 

2 ( i v ) CV . V 1 VOR . VVLS* . KPA 1 1 . PDREV . LYRFF . DEMEE . CSQKL . 

FY1-X; 

3 M h in X is -OH oi -HH 2 and analogue* thereof. 

t 

5 , 6 , A roel hoU according to claim 7 wherein the peptide 

6 CW n 9 | t N comprises a peptide having an amino acid sequence: 

7 • Sti . KPA 1 1 . PPREV . LYREF . DEMEE . CSQKL . CSQKL , PYl-X 

8 wIiommii X is -OH or -HH or an analogue thereof. 



9 

10 

li 

12 
l'J 
IU 

■l6 Ciii) SG . KPA 1 1 1 PDREV , LYREF , DEMEE , CSQHL . PY I EO . GMMLA » EOFKO . 
KALOL-X 

17 (iv) C ^.VIVCR,WI.SG,KPAII,PDREV.LYREF,OEMEE,CSQHL,PYI-X (III) 

18 <v> SO . KPA 1 1 . PDREV .LYREF , DEMEE , CSQHL , PY I EQ , GKMLA , EQF-X (IV) 

19 (vi) KQ . KALCL , LQTAS , RQAEV , I APAV , QTNWQ , KLETF , WAKHK, *WF-X (V) 

20 (vii) EQ , GMMLA . EQFKQ , KALGL . LQTAS , RQAEV . I APAV , QTNWQ , KLET- X (VI) 
21 

and 



17. Antibodies to HCV or NAHRHV produced by using as 
an immunogen a peptide composition comprising a peptide with an 
amino acid sequence selected from the group consisting of: 

( i ) EE , SCOHL . PY I EQ . GMMLA . EQFKQ . KALCL . LQTAS .RQAEV , IAP-X ( 1 ) 

(ii) II, PDREV. LYREF. DEMEE. CSQHL . PY I EQ , GMMLA, EQFKQ. KALCL-X (II) 



(vii i) pgalv.vgvvc.aailr.rhvgp.«;egav.qwhiir.liafa.p«^:»ii. 

23 VSF-X 

ZU wherein X is -OH or -NH 2 ; anJ 

25 (ix) analogues, segments, mixtures, combinations, 

conjugates and polymers thereof. 

18 . Antibodies to HCV or NANBHV according to claim 17 
wherein the immunogen comprises a combination of Peptides I, 

28 

II, III and V and having the amino acid sequence: 

29 

CV , V I VGR . WLSG .KPA 1 1 , PDREV, LYREF . DEMEE , CSQHL .PYIEQ, 

30 

GMMLA , EQFKQ . KALCL . LQTAS . RQAEV , I APAV , QTNWQ . KLETF , WAKHM . 
WNF-X 



1 whet «in X is -OH ot -Mil, *nd analogues thereof. 
2 

3 n. Antibodies to 1ICV or HAMFI1V according to claim 17 

* Hhi:i . : in »h.: imrm.nogcn cump.is^s a segment of Peptide U and 

5 l, av <n 9 an amino acid sequence selected from the group 

' consisting ol : 

7 (i) CSQIIL, FY I EQ. GMMLA, EQFKQ. KALGL-X ; 

8 (ii) fjEMEE, CSQHL, PYIEQ, GMMLA, EQFKQ, KALGL-X; 

9 (ill) LYREF . DEMEE . CSQH L . PY T EQ . GMMI .A . EOF KQ , KALGL-X ; 

10 ( i v > PDREV , LYREF . DEMEE . CSQHL . PY I EQ . GMMLA , EQFKQ . 

j j KALGL-X: 

. 2 ( v ) II, PDREV , LYREF . DEMEE . CSQHL . PY I EQ . GMMLA . EQFKQ . 

KALGL-X; 

1 3 ( v j ) S G . KPA II , LYR F.F . DEMEE . CSQHL . PY I EQ . GMMLA . EQFKQ . 

U KALGL-X; 

wherein X is -OH or -NH 2 and analogues thereof. 

15 

16 20. Antibodies to HCV or NANBHV according to claim 19 

wherein the immunogen comprises a peptide composition having an 
amino acid sequence as fo.»o«s: 

PDREV, LYREF, DEMEE, CSQHL, PY1EQ, GMMLA, EQFKQ .KALGL-X 
wherein X is -OH or -NH^ or an analogue thereof. 



17 
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19 
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22 21 . Antibodies to HCV or NANBHV accordin- " 

wheiein the immunogen comprises a segment of Peptide III and 
having an amino acid, sequence selected from the group 
consisting of: 

( i ) II, PDREV . LYREF . DEMEE , CSQKL , PY I -X ; 

(ii) SG , KPA 1 1 , PDREV , LYREF , DEMEE . CSQKL , PY I -X : 
( i i i ) GR, WLSG , KPAI 1 , PDREV , LYREF , DEMEE , CSQKL , PYI-X; 
(iv) CV. VI VGR. WLSG, KPAI I, PDREV, LYREF, DEMEE .CSQHL, 

PYI-X 

wherein X is -OH or -HH 2 and analogues thereof. 
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1' 22. Antibodies to HCV or NANBHV according to claim 21 

2 wherein the immunogen comprises a peptide composition having an 

3 amino acid sequence as follows: 

4 SG . KPA I 1 . FORFV . LYREF . PFMEE . CSQKL . PY I -X 
whet-in X is -OH or -NH 2 or an analogue thereof. 



5 
6 

7 23. A vaccine composition to prevent HCV infection or 

NANPH hy using, as an i munogen. a peptide composition 
comprising a peptide with an amino acid sequence selected from 
the 9 t oup consisting of: 



8 

9 

10 
11 

12 <i> EE.SCQHL, PY I EQ. GMMLA, EQFKQ, KALGL, LQTAS, RQAEV , IAP-X O) 

13 (ii) 1 1. PUREV. LYREF, PEMEE.CSQHI.,rYIEQ.GMMLA. EQFKQ. KALGL-X OD 

14 ( i i i ) SG . KPA 1 1 , FOR EV . LY P.EF , DFMEE , CSQHL . PY I EQ . GMMLA , EQFKQ. 

KALGL-X K ' 

15 (iv) CV.VIVGR,WLSC.KPA1I.POREV.LYREF,OEWEE,CSOHL.PYI-X (HI) 

16 (v) SG , KPA 1 1 , POKEV , LYREF , DEMEE * CSQHL , PY 1 EO . GMMLA , EOF - X <1V) 
( v i ) KO . KALGL . LQTAS . RQAEV , 1 APAV , QTNWQ, KLETF . WAKHM, WNF-X ( V ) 
(vii) EQ , GHHLA , EQFKQ , KALGL , LQTAS , RQAEV , ZAFAV.CTKKC.XUT-X (VI) 

and 

(vii«) PGALV.VGVVC.AAILR,RHVGP.CEGAV,QWMHR,LIAFA.SRCNH, 

21 VSF-X (VlU 

22 wherein X is -OH or -«« 2 ; a™* 

7"S analogues, segments, mixtures, combinations, 

conjugates and polymers thereof. 

24 

25 24. A vaccine composition according to claim 23, 

26 wherein the immunogen comprises a combination of Peptides I . 

27 II. Ill and V and having the amino acid sequence: 

28 CV, VI VCR, VVLSG. KPA 1 1, PDREV, LYREF, DEMEE, CSQHL. PYIEQ, 

2 9 GMMLA . EQFKQ . KALGL . LQTAS . RQAEV . I APAV , QTNWQ , KLETF , WAKHM . 

WNF-X 

wherein X is -OH or -HH 2 and analogues thereof. 



30 



1 2!,. A vaccine composition according to claim 23. 

2 wherein the immtmogen comprises a segment of Peptide 11 and 

3 having an amino acid sequence selected from the group 

co!ir.i:;Uiiti «>f ' 

5 (i) CSQHL. TYI EO. GMMLA, EQFKQ, KALGL-X; 

6 (a) p^MEE. CSQHL. PY1EQ, GMMLA. EQFKQ, KALGL-X; 

7 (Hi) I.YREF.nEMEE.CSyHL.PYtEO.GMMLA.EQFKO.KAUa-X; 

8 (iv) FDREV , LYREF . DEMEE . CSQHL , PY I EQ . GMMLA . EQFKQ . 
KALGL-X; 

( v ) II, PDREV . LYREF . DEMEE , CSQHL, PY I EQ , GMMLA . EQFKQ, 
KALGL-X; 

( v i ) SG , KPA 1 1 , LYREF , DEMEE , CSQHL . TY I EQ . GMMLA , EQFKQ , 
KALGL-X; 

wherein X is -OH or -NH 2 and analogues thereof. 
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26. A vaccine composition according to claim 25, 
wherein the immunogen comprises having an amino acid sequence 
a.; follows: 

PDREV , LYREF, DEMEE , CSQHL , PY I EQ . GMMLA , EQFKQ , KALG L-X 
wherein X is -OH or -UH 2 or an analogue thereof. 

27. A vaccine composition according to claim 23. 
wherein the immunogen comprises a segment of Peptide III and 
having an amino acid sequence selected from th? •!■••»!• 

consisting of: 

(t) II , PDREV, LYREF. DEMEE. CSQHL, PY I -X; 

( i i ) SG.KPAI I ♦ PDREV . LYREF , DEMEE . CSQHL , PYI-X ; 

(iii) GR , VVLSG , KPAI I « PDREV , LYREF • DEMEE , CSQHL , PY I -X J 

( i v ) CV , V I VGR , WLSG , KPAI 1 . PDREV , LYREF , DEMEE . CSQHL . 

28 PYI-X 

29 wherein X is -OH or -HH 2 and analogues thereof. 
30 
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1 28. A vaccine composition according to claim 27, 

2 whuivin the immunogen comprises an amino acid sequence as 

3 Col lows: 

* SC , KrA 11 , PDREV . LYREF . DEMEE . CSOHL , PYI-X 

5 wherein X is -OH or -HH 2 or an analogue thereof. 
6 

7 . 2'J. A.i enzyme linked immunosorbent assay ( EL ISA) test 

8 kit mr the detection of antibodies to HCV or NANP.HV or the 
diagnosis of HCV or NANBHV infection comprising: 

(j) comnajtmented em: lust" « containing multiple 
wells coated with a peptide composition 
according to claim 1; 

(ii) a negative control sample; 

(iii) an inactivated HCV positive control sample;. 

(iv) specimen diluent comprising PBS buffer 
containing 20\ by volume normal goat serum; 1\ 
by weight gelatin and 0.0.5\ by. weight TWEEN 20; 

(v) peroxidase labelled antibodies to human IgG; and 

(vi) a color change indicator. 
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30. An EL ISA test kit according to claim 29 wherein 
the multiple wells are coated with a peptide composition which 
is a combination of Peptide I. II. HI and V with an amino acid 

22 sequence: 

23 CV . V I VCR . VVI.SC , KPAI I . TUREV . L.YREF , PCMEE . CtfUHt . IV I EU . 

U CMMLA , EQEKQ , KALGL , LQTAo , RQAEV ,' 1 ArAV f QTNWy , KLETF , WAKHM,, 

25 WNF-X 

26 wherein X is -OH or -HH^ or analogues thereof. 
27 

28 3i. An EL ISA test kit according to claim 29 wheiein 

29 the multiple wells ace coated with a peptide composition 

30 comprising a segment of Peptide II and having an amino acid 
sequence selected from the group consisting of: 



1 <i) CSQHL. PY1EQ.GMMLA. EQFKQ. KALGL-X; 

2 ( i i ) OEMKE.CSQIIL. W1EW.CHHLA.EOFKO,KALCt-X; 

3 < i i i ) LYREF, DEMEE . CSQHL . TY i EQ . CMMLA . EQFKQ , KALGL-X ; 

<■ ( i v ) PDREV . LYREF . DEMEE . CSQHL . PY I EQ. GMMLA , EQFKQ. 

KAI.GL-X; 

5 (v) 1 1 , mHF.V . LYREF t DEMEE , CSQHL , PY I EQ . GMMLA , EQFKQ . 

6 kau;l-x: 

' ( v i ) SG. KPAI I . LYREF » DEMEE* CSQHL i FY I EQ.GKM LA. EQFKQ. 

KALGL-X; t 
8 whcipin x is -OH or -NH^ and analogues thereof. 

9 

10 32 All E1;1SA test Kit according to claim 2* wheiein 

the multiple wells are coated with a peptide having an amino 
acid sequence: 

PDREV , LYREF . UEMEE . CSQ»L . PYIEQ, GMLA . EQFKQ . KALGL-X 
wherein X is OH or -NH^ or an analogue thereof. 
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33. An EL ISA test Kit according to claim 29 wherein 
the multiple wells are coated with a "peptide composition 
comprising a segment of Peptide III having an amino acid 
sequence selected from the group consisting of: 
(i) 1 I , TDREV , LYREF , DEMEE . CSQHL , PY I -X 

21 ( i i ) SG.KPA1 1 , PPREV . LYREF . DEMEE . CSQHL . FY I -X 

22 (Ui) CR> VVLSG.KFA1I. PDREV, LYREF. DEMEE. rPQIIL. **»M -X 

23 . (iv) CV , V I VGR , WLSG . KPA 1 1 . PDREV , LYREF , DEMEE . CSQHL , 
IU PYI-X 

wherein X is -OH or -NH 2 and analogues thereof. 
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34. An EL ISA test Kit according to claim 33 wherein 

the Peptide is: 

SG.KPAI I . PDREV , LYREF . DEMEE . CSQHL .PYI-X 
wherein X is -OH or -NH 2 or an analogue thereof. 
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1 ABSTRACT 

1 The present invention relates to a method for the 

ft detection in body thuds of antibodies to hepatitis C virus 

5 (HCV). also Known as a non-A non-B hepatitis (NANDH) virus and 

6 to thu diagnosis of NANBH by the use of a composition of 

7 synthetic peptides. Each of these peptides has an amino acid 

8 sequence corresponding to an immunodominant region of a fusion 

9 protein and a polypeptide of HCV. SOD/HCV C100. More 

10 specifically, the present invention is directed to the use of a 

u group of synthetic peptides in a prescribed sequence or their 

12 
13 



analogues for the detection of antibodies to HCV in body 
fluids. The detection method includes an enzyme-linked 



w immunosorbent assay (ELISA) , and other forms of immunoassay 
15 procedures. 

vl6 T he present invention also relates to a method for 

17 generating high titer antibodies to HCV in healthy mammals, 

18 including humans, by the use of compositions containing these 

19 synthetic peptides, analogues or mixtures thereof, in a free, 

20 conjugated or polymeric form as key components in synthetic 

21 vaccines for the prevention of non-A non-B hepatitis (NANDH) . 
22 

23 
2k 
25 
26 
27 
28 
29 
30 
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ABSTRACT 



The present invention relates to a method for the detec- 
tion in body fluids of antibodies to hepatitis C virus 
(HCV), also known as a non-A non-B hepatitis 
(NANBH) virus and to the diagnosis of NANBH by the 
use of a composition of synthetic peptides. Each of 
these peptides has an amino acid sequence correspond- 
tng to immunodominant regions of a fusion protein and 
a non-structural polypeptide of HCV, SOD/HCV C100 
and a postulated HCV structural (core) protein. More 
specifically, the present invention is directed to the use 
of a group of synthetic peptides in a prescribed se- 
quence or their analogues for the detection of antibodies 
to HCV in body fluids. The detection method includes 
an enzyme-linked immunosorbent assay (ELISA), and 
other forms of immunoassay procedures. 
The present invention also relates to a method for gen- 
erating high titer antibodies to HCV in healthy mam- 
mals, including humans, by the use of compositions 
containing these synthetic peptides, analogues or mix- 
tures thereof, in a free, conjugated or polymeric form as 
key components in synthetic vaccines for the preven- 
tion of non-A non-B hepatitis (NANBH). 

: 37 Claims, 27 Drawing Sheets 
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which they may remain infectious indefinitely. This 

SYNTHETIC PEPTIDES SPECIFIC FOR THE chronic state may lead to cirrhosis of the liver and even- 
DETECnON OF ANTIBODIES TO HCV tually to liver cancer. 

Many methods have been developed in an attempt to 
CROSS-REFERENCE TO RELATED 5 detect the putative NANBH viral antigens and antibod- 

APPUCATION ies. These include agar-gel diffusion, counter immunoe- 

• , . .. . _ « w .,:^«f f ,~«i;„- lectrophoresis, immunofluorescence microscopy, im- 

m^Sectron^microscopy. radioimmunoassay and en- 
applicauon ^'^°;^^^J^J^ Q ^5iai53 ryme-linked immunosorbent assay using crude biologic 

and now abandoned, filed Apr. 16. 1990. these assays are suffidentfylensitive. specific, and re- 

INTRODUCTION producible for use as a diagnostic test for NANBH. 

The present invention relates to peptide compositions Some of the reactivities detected were later attributable 
specific for the diagnosis and prevention of hepatitis C to the presence of antibodies ».^^»^ 
virus (HCV) infection, or non-A non-B hepatitis 15 gens or low levels of a rheumatoid-factor-like substance 
(NANBH). More particularly, the present invention is frequently present in patients with or without hepatic 
directed to synthetic peptide compositions which are diseases. via*™ 
specific for the detection of andbodies to HCV in body In the absence of a definitive test for NANBH. the 
fluids and immunoassays using the same. The invention diagnosis in the past has been one of exclusion. It was 
also includes the use of the synthetic peptide composi- 20 based on the clinical presence of acute hepatitis and the 
tions as antigens for eliciting the production of mono- persistent absence of serologic markers for hepatitis A 
clonal and polyclonal antibodies against HCV and as and B, Epstein-Barr virus or cytomegalovirus, 
immunogens in vaccines for the prevention of NANBH Because no specific test for the detection of antibod- 
or HCV infection. ies to NANBH or HCV has been available, the use of 

In the 1940's, two independent investigators con- 25 nonspecific tests to screen donors has been adopted in 
eluded that there were at least two types of viral hepati- ^ past decade as a means of preventing at least some 
tis, designated as A and B (HAV and HBV) and that post-transfusion NANBH. 

infection by one type, either HAV or HBV, did not One such surrogate test measures liver enzyme levels, 
confer the patient with cross-immunity (1-3). It was concentrations of some of the liver enzymes, in 

only in the 1970's with the introduction of serologic 30 pafticular aminotransferase (ALT), are fre- 

markers for hepatitis A and hepatitis B that it became q Ucnt iy elevated in the blood of patients with active 
possible to identify diseases caused by the two viruses nepat j t is. Two independent studies have shown a corre- 
and to distinguish between these two types of hepatitis {a[iQn ^tween donor ALT i CV els and the incidence of 
clinically and serologically NANBH in transfusion recipients (9-11). However, 

Subsequently, m 1974, Prince et al. suggested that 35 ^ m Qnly flbom 2Q ^ of 

many cases of transfusion hepatnis could not be attrib- don{jn who transmjtted NANBH have elevated 

uted to HAV or HBV and were caused by an agent ^ ^ concentrations. Other investigators, fur- 
other than these viruses. They proposed naming the thenn have found that the liver enzyme levels can 
agent hepatitis C virus (HCV) (4). The presence of increased by extraneous factors, such as heavy drink- 
another hepatitis causing agent was subsequently con- 40 oeracreasea oy cAirancu 

firmed by Alter et al., who reported that d*m0 L idem iologic circumstances predisposing donor 

exclusion of commercial blood donors fj^*™* to* fection with hepatitis B virus may also 

hepatitis B surface antigen ^ M » ftvor exposure to NANBH agents, A study conducted 
duced the frequency of ^^^^^cdved 45 by Stevens etal. (12) evaluated the risk factors in donors 
to 10 percent of the 5 miUion ^ m ™"*? T \™£* 45 & the presence of antibodies to hepatitis B virus. The 
transfusions each year stfl de ^dhei«tim W% ™ ? ofblood which were positive 

fwVi vmk. NANBH has been reported in pa- attributable to transfusion, whereas ALT screening 
tieSTuSS ^^.^^IrZl nngh.prev^neariyonchaifofthe cases of post trans- 

ther, nurses caring for patients with NANBH have also the dtagnos* of NANBH bjM exduaon, the correct 
been found to contract this disease. jdenuficauon of theJ^NBHV cat^ wtf stOl far 

Epidemiologic evidence suggests that there may be from satisfactory. Firstly, there are a sign.ncant number 
thr« types of NANBH: the wafer borne epidemic type; «0 of patients who receded .^^^^S^ 
the btoid or needle associated type; and the sporadi- markers and yet developed N^HJ^n^. *ere » 
cally occurring community acquired type. However. a minimal overlap between donors with elevated ALT 
tTenuX^d precise M ture rfthe cau^Uve agents of levelsand [those with and-HBc. 
NANBH still remain not entirely clear. ents of blood units which were posrtwe or surrogate 

The acute phase of NANBH is less severe than that of 65 marker, but who did not become infected with 
hepatitis B, and the disease is rarely fatal. However, NANBHV, also known as HCV (13-15). 
mora than a third of the individuals who contract Thus, there u at, urgent demand for a senauve : an d 
NANBH develop a chronic form of the disease in specific method to identify earners of NANBHV and to 
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screen out contaminated blood or blood products. In The 5'-tenninal sequence contained a 5' non<odmg 

addition, there is also a need for an effective vaccine region of at least 324 nucleotides, well preserved u i the 

and/or therapeutic agent for the prevention and/or two strains. The non-coding region was followed by a 

treatment of the disease. coding region of 1348 nucleotides continuing beyond 

Recently, a group of scientists at Chiron Corp. con- 5 the reported sequence of the prototype HCV which 

structed a random -primed complementary DNA spanned 7310 nucleotides (18). Based on these results 

(cDNA) library from plasma containing the uncharac- (18,27), HCV is considered to possess an uninterrupted 

terired NANBH agent (16). They screened the library open reading frame encoding at least 2886 amino acid 

with serum from a patient diagnosed with NANBH and residues, , . 

isolated a cDNA clone that encodes an antigen associ- 10 A comparison of the complete nucleotide sequence : of 

ated specifically with NANBH. This clone was found the Hepatitis C virus to that of other Flavi viruses (28) 

to be derived from the genome of an agent similar to the has led us to postulate that two structural genes encod- 

togaviridae or flaviviridac (16). The newly identified ing for the core (or nucleocapsid protem) and the enve- 

NANBH agent was called hepatitis C virus (HCV). A lope proteins were contained in the HCV genome lo- 

specific assay for this blood-borne NANBH virus was 15 cated in the upstream and downstream region respec- 

developed based on a fusion polypeptide of human tively of the 5^terminaI sequence as reported by the 

superoxide dismutase (SOD) and 363 HCV amino acids, Mayurai group (27). By careful analysis of the whole 

designated as SOD/HCV CI 00-3 (17). SOD/HVC HCV genome structure and the predicted amino acid 

C-100-3 was cultured from a clone of recombinant sequence encoded in the structural and non-structural 

yeast, purified, and used to capture circulating viral 20 proteins, we have now identified and characterized by 

antibodies (17). A family of cDN A sequences derived an extensive series of experiments and through serologi- 

from this hepatitis C virus was subsequently reported in cal validation, the immunodominant regions of the 

detail (18) HCV proteins. 

However, the neucleotide sequence of HCV dis- The predicted amino acid sequence of the HCV ge- 

closed by the Chiron group covers only about 75% of 25 nome is presented in Table 6, wherein the sequence for 

the HCV genome and represents only the nonstructural (a) is the sequence for M (27, 29), (b) is the sequence for 

genc$ J-4 (27) and (c) is the sequence for the prototype PT 

More recently Mayumi, et al. determined the 5'-ter- (18). These show where conservative substitutions, 

minal sequence of the genome of HCV for two distinct deletions or substitutions can be made. 
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(«) MSTl p if PQg KTKllNjrNJ^RPODVK.FPGGGOI VGGVYLLP RRGP RLGVR ATR 50 

00 K.TS ERS QP R S^QPI P * VR R P EGRTW Afi P G Y P WP LYGNEGCGWAGWLL S P 100 

RGS RP S WGPTDPRRRS RNLGKVI DTLTCGFADLMGYI PLVGAPLGGAARA ISO 

L AHGVR VL ETCVNY AT GNL p'gCS fV] VlVaL L S C LT VP AS A YQVRNS T GL ^ 200 

YHVT NDCP NS S f VYEAHtSaI~LHTP~GCVPCVREGNVS RCWVAMTP TVATRD 250 

S A-M-M D-S L L-A-N 

GKLP ATQLRRHI DLLVGS ATLCS ALYVGDLCGS VFLI GQLFTFS PRRHWT W0 

AS V- T- T I - - - V - - A- AF- - - M- ---------- VS - -- -- -- -- - E- 

TQGCNCS! YPGHI TGHRMAWDMMMKWSPT AALVMAQLLRI PQAI LDM1 AG 350 
V. r>--------- LS - -- -- -- -- -- -- -- T- - - VS - -- -- -- - VV- - V- - 

AHWGVLAGI AYFSMVGNWAKVLVVLLLFAGVDAETI VS OGQAARAMSGLV 400 

L--Y I - A YT A- S HTT- T- A 

SLFTPGAKQNI QL1 NTNGSWHI NS T ALNCNES LNTGWLAGLI YQHKFNSS 450 

- - - S - - - S - R- - - V R D--H--F-- A-F-T-R 

(.) GCPERLASCRRLTDFDQOWGPI S HANGS GP DQRP YCWHYP P KPCGI VPAK 500 

(b) M I DW- A TYTEPDS A-R S 

SVCGPVYCFTPSP 

?Z ZZZIZZIZZIZ WVGTTDRS GAPTYS WGENDTDVFVLNNTRPPLGNWF 

GCTWMNSTGFTKVCGAPPCVl GGAGNNTLHCPTDCFRKKPDATYS RCGSG 600 

PW1 TPRCLVDYPYRLWHWPCTI NYTI FK! RMYVGGVEHR L GE 650 

RCDLEDRDRSELS PLLLTTTQWQVLPCSFTTLP ALSTGLI HLHQNI VDVQ 700 

YLYOVGS S I ASWAI KWEYVVLLFLLLADARVCS CLWMMLL! S QAEAALQN 750 

LVI LNAAS L AGTHOLVS FLVFFCFAWYl.KGKWWGAVYTFYOM^LLLLL 800 

LALPQRAY ALDTEVAAS CGGWLVGLMALTLS PYYKRYI SWCLWWLQYFL ISO 

TRVQAQLHVWI PPLNVROGRDAVI LLMLAVHPTLVFDI T KL L L A VFGP LW 900 

1 LQAS LLKVPWFVRVQGLLRFCALARKM1 GOHYVQMVI I KLGALTGTYVY 930 

NHLTPLRDWAHNOLRDLAVAVEPWFSQMETKLI TWGADT AACODI I NGL 000 

PVS ARROREI LLGPADGI^SKGWRLLAPI TAYAQQTRGLLOCM TSLTGR 050 

DKNQVEGEVQI VS TAAQTFLATCI NOVCWTVYHGAGTRTI ^SPKOP VI QM 00 

YTNVDQDLVGWPAPQGS RS LTPCTCGS S DLYLVTRHADVI JVRRROAS RC 150 

SLLSPROI SYLKGSSOOPLLCPAOHAVGI FRAAVCTRGVAKAVDFI ^PVEN 200 
LETTMR5 PVFTDNS S PPVVPQS FQVAHLHAPTOS GKSTKVP AAYAAQGYK 
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VL VLNP S VAATL GFGA YMS K AH GJ DPN1 RTGVRT1 TTCSPI TYSTYGKFL 300 

ADGGCS OGAYDI 1 I CDELHS TDATS J LGI GT VLDQAETAGARL VVL AT AT 350 

P P GS VT VP HP NI EE VAL S TTGE1 PFYGKAI PLEVI KGGRHL1 FC HS KKKC 1400 

DELAAK.L VALGI NAVAYYRGLDVS VI PTS GDWVVATDALMTGYTGDFDS ^ 

VI DCNTCVTQTVDFSLDPTFTI ETI TLPQDAVS RTQRRGRTGRGKPGI YR 
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' TABLE 6-continued . 

s l > 5i0 

FVAP GERPS(^FD^S~VLCEC^YDAOCAWYELTP AETTVRLRAYMNTPGLP V 

S-.. A-D-F K " " lw 

CNDHLEFWEOVFTOLTH1 DAHFLSQTKQS GENLP YLVAYQATVCARAQAP ^ 

ADLE^STWUVGGVLAALAAYCLSTOCVVIVGRVVLSOKPAIIP^ 00 

L YREFDEMEECSQHLP Yl ENGMMl^ENFKQKALGLUQTAS RQAEVI AF ■ AV 750 

QTNWQKLETFWAKHMWNFI SOI QYLAGLSTLPONP Al ASLMAFJAAVTSP MO 

LTTSQTLLFN1 LOGWVAAQLAAPGAATAFVOAGLAGAAl OS VOLOKVL1 P J» 

I LAGWGAGV A GAL V AF KI MS GEVP S T EDL VNL L P Al LS PGAL VVOVVCAA *» 

I LRRHVGPGEGAVNWMNRL1 AFASRGNHVSPTHYVPESDAAARVTAl I LSS WO 

LTVTQLLRRLHQW1 S SECTTPCSOS^RUI WD^ CEVL^ DFK^KAKLM m 



PQLPGI PFVSCQRGYKOVWRVDGI MHTRCHCGAE1 TGHVKNGTMR! VGPR » 

TCRNMWSGTFP1 NAYTTGP CTP LP AP ^YTF ALWRVS AEXYVEl RQVGDFH SS 

YVTGMTTDNLKCPCQVPSPEFFTELDGVRLHRFAPPCKPLLREEVSF^ "50 

LHEY P VGS QL P CEP EPDVA VLTSMLTDP S HI ^ AEAAGRRL ARGS P PS VAS g00 

S S ASQLS APS LKATCTANHDSPDAEL1 EAKLL^QE^ONI TRVE5 ENKV 2250 

VI LDSFDPLVAEEDERB1 SVPAEI LRKS AQALFAWARPDYNP P LVET 2M0 

WKPDYEPPVVHGCPLPPPKSPPVPPPRKKRTVVLTESTLSTALAELATR 2350 

S Dl RTEEAl YQCCDLDPQARVAl KS LTERLYVGGP LTNS ^^^^9?^^.^^ 25 

asras gvlttscgntltcyi karaacraaglqdctmlvcgddlvvi CES A. gg 

GVOEDAAS LR AFTE AMTRYS AP P GDP P QP EYDLEL I TS CS S NVS VAHDGA 2800 
GKRVYYLTRDPTTP L>^AAWETARHTP VNSWLGN1 I MFAPTLWARMI LMY 2 50 

HFFSVL1 ARDQLEQAlDCEl YGACYS I EPLDLPPI 1 QRL ; «» 

Synthetic peptides have been increasingly used to ^ ies to HCV, thereby providing protection against HCV 

roan antieenic or immunogenic sites on the surface of infection. . . . 

Kwo>A recently termed "site-directed- A further objectiveis to provide ii^a^; 

serolo£". The present inventor (Wang. C. Y.) and a gen which can .be used in mamma* ;fo dev^pineiit 

colleague have taken this approach to identify and char- of monoclonal and polyclonal antibodies to HCV. 

acterize highly antigenic epitopes on the envelope pro- 3J UST OF REFERENCES 

terns of HIV and to develop sensitive and specific lm- - T u . n „ c 

munoassays for the detection^ of antibodies to HIV (pre- i. MacCallum F O, Bauer D J: Homologous serum 
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Pat No. 4.735,896, issued Apr. 5, 1988 and U.S. Pat. unteers/'Laneei. 1:6222 (1944), 
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tivity, it is expected that these peptides are also useful in 
stimulating production of antibodies to HCV in healthy 
mammals such as Balb/C mice, and in a vaccine compo- 
sition to prevent HCV or NANBHV infection. 

According to the present invention, a peptide compo- 
sition useful for the detection of antibodies to HCV and 
diagnosis of NANBH comprises a peptide selected from 
the group of peptides with the following sequences: 



Glu— Glu— Cys— Ser— Gin— His— Leu— Pro— Tyr— 
He— Glu— Gin— Gly— Mel— Met— Leu— AU— Glu— 
Gin— Phe— Lys— Gin— Lys— AU— Leu— Gly— Leu- 
Leu— Gin— Thr— Al*— Ser— Arg— Gin— Ala— Glu— 
Val-IU-AU-Pro-X 



lie— He— Pro— Asp— Arg — Glu— V»l— Leu— Tyr— 
Arg-Glu— Pbe— Asp— Glu-Met-Glu-Glu-Cys— 
Scr— Gin— His— Leu— Pro— Tyr— He— Glu— Gin— 
Gly— Met— Met— Leu— AU— Glu— Gin— Phe— Lys— 
Gin— Ly* — AU— Leu — Gly— Leu — X 



(I) 



(H) 



Ser— Gly— Ly»— Pro— AU— He— He— Pro— Asp— 
Arg— Glu— V«l- Leu— Tyr— Arg— Glu— Phe— Asp— 
Glu— Mel— Glu— Gh»—Cy»— Ser— Gin— His— Leu- 
pro— Tyr— He— Glu— Gin— Gly— Mel— Met— Leu— 
AU— Glu— Gin— Phe— Lys— Gin— Lys— AU— Leu— 
Gly-Leu-X 



niH) 



Cyv_Vil-V»4-IIe-Vi}-G]y-Arg-Vil-Vil- 
Leu— Ser— Gly— Lys— Pro— AU— lie— lie— Pro— 
Alp— Arg— Glu— Vil— Leu— Tyr— Arg— Glu— Phe— 



an) 



(IV) 



60 (vi) 



(vii) 



Ser— Gry— Lys— Pro— AU— He- 
Arg— Glu— Vi)— Leu— Tyr— Arg— Glu— Phe— Asp— 
Glu— Met— Glu— Glu— Cys— Ser— Gin— Ht$— Leu- 
Pro— Tyr-IU-Glu— Gin— Gly— Met— Met— Leu— 
AU— Glu— Oln— Phe— X 



Lys— Gin— Lys— AU— Leu— Gly— Leu— Leu— Gin— 
Thr— AU— Ser— Arg— Gin— AU— Glu— V»l— He— 
AU— Pro— AU— V»l — Gin— Tor— Am— Tip— Gin— 
Lys— Leu— Glu— Thr— Phe— Trp— AU— Lys— His— 
VCet-Trp— Ain— Phe— X 



(V) 



Glu— Gin— Gly— Met— Met— Leu— AU— Glu— G In— 
Phe— Lys— Gin— Lys— AU— Leu— Gly— Leu— Leu— 
Gln-Thr*-AU— Ser-Arg-Gln-AU— Glu-Vtl- 
Ile— AU— Pro— AU — V«l— Gin— Thr— Asn — Trp — 



(VI) 
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-continued 
Gin— Lys— Leu— Glu— Thr— X 



(viii) Pro-Gly-AU-Uo— Vil-Val-Gly-Vil-Vil- 
Cyi— All— AU— lie— Leu— Arg— Arg—Hb— Vii— 
Gly— Pro— Gty-Glu-Gly— AU— Vil-Gb-Trp- 

Arg— Gly— Aw— His— Vil— Ser— Pro— X 



Tnr-Asp-Pro-Arg-Arg-Arg-Scr-Arg.Asn Leu. Gly-X 
CIXC). 

The present invention also includes a highly sensitive 
(Vii) and accurate method of detecting antibodies to HCV in 
body fluids and of diagnosing NANBH comprises the 
following steps: 

A. Preparing a peptide composition comprising a 
peptide selected from the group having the following 
amino acid sequences: 



(Vin) 



ft*) 



Ser— Thr- _„ 
Thr— Lys— Arg— Asn— Thr— Asn— Arg— Arg— Pro— 
Glu— Asp— Vi)— Lys— Phe— Pro—Gly— Gly— Gly— 
Gto— He— Vd— Gly— GJy— Val— Tyr— Leu— Uu— 
Pro-Arg-Arg-Gly— Pro— Arg— Leu-Gly-Vil— 
Arg — All— Thr— Arg— Lys — Thr— Ser>~Gh>— Arg— 
Ser-Glft-Pro-Arg-Gly-Afg-ATg-X wo* 



10 



Glu— Glu— Cys— Ser— Gin— His— Leu— Pro— Tyr— 
He— GIo— Gin— Gly— Mel— Mel— Leo— AU— Gli>— 
Gin— Phe— Ly*-Gji>-L^A^^u-^--Leu— 

Val — lie — All— Pro — X 



0) 



r 



Gly— Arg— Arg— Gin— Pro— lie— R 
Arg— Arg-Pro- Glu-4Jly— Arg/Tyr— Trp 
G In— Pro — G Jy— Tyr— Pro— Trp-»feo — L^t) ■ 
Gly-Aia— Gltt-Gry-Cy»— Glyt-T>tet^»-GIy- 
Tro— Leo— Uu-Ser— Pro— Arg-^f-Ser-Arg- 
Pro— Ser— Trp— Gly— Pro— Thr— Asp— Pro— Arg- 



(IX) 



fu*) 



20 



(Ui) 



DH or — NH j, and i 



segments, 2J 
and polymers 



(v) 



whcreirr-X- 

mixtures, combinatf 
thereof. 

The amino acids in this application are abbreviated as 
shown herein below: 

A = Ala = alanine, 30 q v) 

R=Arg=arginine» 

D=AspeAspartic acid, 

N = Asn =asparagine, 

Q=Gln=glutamine, 

E s Glu = glutamic acid, 35 
L= Leu ts leucine, 
K=Lys=lysine, 
H=His=histidine, 
T = Thr = threonine, 

G = Gly - glycine, 40 
I=Ik=isoleucine, 
F = Phe = phenylalanine, 
S= Ser = serine, 
W=Trp = tryptophan, 

y=Tyr«=tyrosine, 45 
V= Val = valine, 
C=Cys= cysteine, 
P=Pro=proline 

An example of a combination is: Cys-Val-Val-ne- 
Val-Gly-Arg-Val-Val-Leu-Ser-Gly-Lys-PrO'Ala-lle- 50 
Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp- 
Giu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu- Pro-Tyr-Ile- 
Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- 
Gln-Lys- ' Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser- 
Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-X wherein X is 55 
—OH or — NH2. An example of a segment of Peptide II 
is: Pro-Asp-Aig-Glu-Val-Lcu-Tyr.Arg-Glu.Phe-Asp- 
Glu-Met-Glu-Glu-Cys-Ser-GbvHis-Leu-Pro-TyT-Ue- 
Glu-Gln-Gly-Met- Met-Leu-Ala-Glu-Gln-Phe-Lys- 
Gln-Lys-Ala«Leu-Gly*Leu-X wherein X is —OH or 60 
— NHj GIF). An example of a segment of Peptide III is: 
Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val. 
Uu-Tyr : Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys» 
Ser-Gln His-Leu-Pr o-Tyr-Ile-X wherein X is —OH or 
— NHj (HID). An example of a segment of Peptide IX 65 
is Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- 
Gly- Asn^lu-Gly-Cys-Gly-Trp-Ala-Gly.Trp'Leu- 
Leu-Ser-Pro-Arg-Giy-Ser- Arg-Pro-Ser-Trp-Gly-Pro- 



lle— He— Pro— Asp— Arg-Glu— Vil— Leu— Tyr— 
Arg— Glu— Phe— Alp— Glu— Met— Olu— Glu— Cys— 
Ser-Gto-Hb— 1-eu— Pro— Tyr-lle— Olu-Gln— 
Gly— Met— Met— Leu-Ali— Glu— Gin— Phe— Lys- 
Gin— Ly»— All— Leu— Gly— Leu— X 

Ser— Gly— Lys— Pro— All— He— He— Pro— Asp— 
Arg— Glu— Val— Leu— Tyr— Arg— Glu— Phe— Asp— 
Glu— Mei— Glu— Glu— Cyi— Ser— Gin— Hii— Leu- 
Pro— Tyr— lie— Glu— Gin— Gly— Met— Mel— Leu— 
Ali-Glu— Gln-Phe-Lys— Gin— Lys— Ali-Leu- 
Gly— Leu— X 

Cyt^Vil-V.l— lie— VaJ— Gly-Arg-Val-Val- 
Lcu— Ser— Gly— Ly>— Pro— All— lie— lie— Pro— 
Aip— Arg— Glu— Val— Leu— Tyr— Arg— Glu— Phe— 
Asp— Glu— Mel— Glu— Glu— Cyi— Ser— Gin— His— 
Leu— Pro— TyT— He — X 



(I1H) 



aid 



(TV) 



Ser— Gly— Lys— Pro— All— lie— lie— Pro— Asp— 
Arg— Glu— Val— Leu— Tyr— Arg— Glu— Phe— Asp— 
Glu— Met— Glu— Glu— Cyv-Ser— Gin— His— Leu- 
Pro— Tyr— He— Glu— Gin— Gly— Met— Mel— Leu— 



<vi) 



(vii) 



(vfii) 



fa) 




Lys— Gin— Lys— AU— Leu— Gly— Leu— Leu— Gin— 
Thr— All— So— Arg— Gln-Als— Glu— Val-Ile— 
Ala— Pro— All— Vil — Gin— Thr— Asa — Trp — Gin— 
Lys— Leu— Glu— Thr-Phe— Trp— Ala— Lys— His— 
Met— Trp— Asa— Phe— X 

Glu— Gin— Gly— Mei— Met— Leu— Ala— Glu— Gin— 
Phe— Lys— Gin— Lys— Ala— Leu— G)y-Leu-Uu- 
Gln— Thr— All— Ser-Arg— Gin— All— Glu— Vil— 
lie— All— Pro— All— V«l— Gin— Thr— Asn— Trp— 
Gin— Lys— Leu — Glu— Thr— X 

Pro— Gly— All— Leu— Vil— Vil— Gry— Vil— Vil— 
Cys— All— All— He— Leu— Arg— Arg— His— Val— 
Gly— Pro — Gly— Glu — Gl y— Ala— Val— Gin— Trp— 
Met— Asn-Arg-Leu— lie— All— Phe— All— Ser- 
Arg— Gly— Asn— HU—Vil— Ser— Pro— X 

Ser— Thr— lie— Pro— Lys— Pro— Gin— Arg— Lys- 
Thr— Lys— Arg— Asn— Thr— Asn— Arg— Arg— Pro— 
Gin— A*p— Val— Lys— Phe— Pro— Gly—GIy— Gly— 
Gin— He— Vii— Gly— Gly— Val— Tyr— Leu— Leu- 
Pro— Arg-Arg-Gly-Pro—Arg-Leu—Gly-Vsl- 
Arg— AU-Thr-Arg— Lys— Thr-Ser-GIu— Arg— 
Ser— Gin— Pro— Arg-Gly— Arg-Arg-X, inn 



Gly— Arg— Arg— Gin— Pro— Ik 
Arg— Arg— Pro— Glu— Gly— Arg— Ttar—T 

Gin— Pro— Gly— Tyr— Pro— Trp-**>oas£e. , ■ 

Gly-Asn-Glu— Gly-Cys-Gly-Trp— Ala-Gly- 



(V) 



(VI) 



(VH) 



(VIII) 



OX) 
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(N = 200) or ATL (n m 1 70) disease, (total n m 270); and 
t^i ^°S^A«-Giv-S*r-A«- (0 with autoimmune disease (n=20). 

IZl^t^^Xt-M^Zl- FIG. 5 provides a comparison between EIA results 

Arg -Arg-s«r-Arg-A«n-Leu-Gly-x using the Peptides IIF and HID of the present invention 

5 and recombinant SOD/HCV C- 100-3 as represented by 
wherein X is —OH or — NH2, and analogues, segments, their respective s/c ratios on a panel of repeatably reac- 
mixtures, combinations, conjugates and polymers tive specimens (n»=23) obtained from a random donor 
thereof; and population. 

B. Using an effective amount of the peptide composi- FIG. 6 provides a comparison between a passive 
tion as the antigen in an immunoassay procedure. 10 hemagglutination assay (PHA), using Peptide IIG, and 
Further, according to the present invention, the pep- the recombinant SOD/HCV C- 100-3 EI A as repre- 
tides by themselves, or when coupled to a protein or a aented by their respective P/C and s/c ratios for a panel 
polymeric carrier of homo or hetero dimers or higher of SOD/HCV C-100-3 HCV EIA repeatably reactive 
oligomers by use of homo or hetero functional roulti va- specimens (n » 20) obtained from a random donor popu- 
lent cross linking reagents, or when directly synthesized 15 lation. For results obtained by the PHA, the agglutina- 
and conjugated to a branching polyvalent lysine resin, tion pattern is quantitated by a specially designed opti- 
can be used to elicit the production of antibodies to cal reading instrument (manufactured by Olympus Cor- 
HCV in healthy mammals, including humans. poration) where a P/C ratio of larger than 20 is consid- 

The method comprises introducing an effective ered negative whereas a P/C ratio of less than 20 is 
amount of the peptide composition containing each of 20 considered positive. 

the individual peptides, analogues or segments or a FIG. 7-1 provides a study of serum samples collected 
mixture or a combination thereof, or in a polymeric over a ten year period of time from a NANBH patient 
form, into the body of a healthy mammal by intraperito- who sero-converted after receiving HCV infected 
neal or subcutaneous injection. blood. The samples were tested by two EIA formats 

Vaccines containing the peptides according to the 25 designated as A (coated with Peptides IIF and HID at 
present invention as the key immunogen may also be 5 ug/mL each) and B (coated with Peptides IIF, HID 
prepared. It is expected that such vaccine compositions and V at 5 ug/mL each) for comparison. The serum 
may be useful to prevent HCV infection or NANBH. samples were provided by Dr. H. Alter of NIH. 

FIG. 7-2 provides a kinetic study with serum samples, 
BRIEF DESCRIPTION OF THE DRAWINGS J0 kindl y provided by Dr . C . Stevens of New York Blood 
FIGS. M, 1-2, 1-3 and 1-4 show the amino acid se- Center, from a hemodialysis patient who sero-con- 
quences of the immunodominant region of a HCV non verted and contracted NANBH. These were tested by 
structural protein and precisely delineates the amino EIA format B (coated with peptides IIF, HID and V at 
acid residues (underlined to show • • • marginal, —mod- 5 ug/mL each). 

erate, and — strong) that contribute to the immuno'reac- 35 FIG. 7-3 provides a second kinetic study with serum 
ti vines of these HCV peptides with four representative samples, kindly provided by Dr. D. Bradley of Center 
HCV antibody positive sera. The immunoreactivities for Disease Control, from a chimpanzee which sero- 
werc measured as absorbance at 492 nm by an EIA converted after being inoculated with a well-character- 
procedure. ' ized strain or HCV and contracted NANBH, also tested 

FIGS. 2-1 and 2-2 arc comparisons of the signal to 40 by EIA format B. 
cutoff ratio between the peptide based HCV-EIA em- FIGS. 8-1 and 8-2 depict the signal/cutoff ratio fre- 
ploying only the non-structural protein sequence de- quency distribution of both negative and positive serum 
rived Peptide IIG of the present invention and that of specimens by a HCV-EIA format B. The results were 
the recombinant SOD/HCV C- 100-3 protein based obtained using 2035 low risk random blood donor speci- 
HCV-EIA. In FIG: 2-1 a well-characterized HCV anti- 45 mens screen tested in a blood bank setting, 
body positive control at various serum dilutions was FIG. 9 illustrates the inhibition by Peptide IV (an 
used as the test sample. In FIG. 2-2 a panel of serum analogue) of binding of HCV specific antibodies to 
specimens derived from serial bleedings of a single indi- plates coated with peptides IID and IIIF at 5 ug/mL 
vidual spanning a period of sero-conversion to anti- each at various Peptide IV concentrations. 
HCV reactivity were used as samples. 50 FIG. 10 provides a comparison between the peptide 

FIGS. 3-1 and 3-2 depict the frequency distribution of based HCV EIA (coated with Peptide IIH and V at 10 
the HCV-EIA positivity, using Peptide IIG, repre- and 5 ug/mL respectively) and recombinant protein 
sented by the signal to cutoff ratios obtained with 264 based HCV EIA using samples from 74 hemodialysis 
normal serum and 264 normal plasma specimens from patients, kindly provided by investigators at the Japa- 
comroercial sources. The mean s/c ratios for the nega- 55 nese National Institute of Health, 
tive (n=250) and screened out positive (i.e. n«14) FIGS. 11-1, and 11-2 show the amino acid sequences 
serum specimens are 0.034 and 7.202 respectively; and of an immunodominant region of the postulated HCV 
for the negative (n=255) and positive (n«9) normal structural (core or micleocapsid) protein and precisely 
plasma specimens the mean s/c ratios are 0.084 and . delineates the amino acid residues that contribute to the 
7.089 respectively. 60 immunoreactivities of these HCV peptides with four 

FIG. 4 is a histogram depicting the immunoreactivi- representative HCV antibody positive sera (Samples 
ties of Peptide IIG with sera from individuals: (a) posi- 1-4). The immunoreactivities were measured as absor- 
tive for HBsAg, (n=50); (b) positive for antibodies to bance at 492 nm by an EIA procedure. 
HBc protein, (n= 39); (c) with elevated. (> 100 1.U7L) FIG. 12-1, 12-2 and 12-3 are histograms depicting the 
alanine aminotransferase (ALT) enzyme activity, 65 frequency distribution of HCV positivity in 221 sera 
(n«174> ( (d) positive for antibodies to retroviruses from individuals: (a) with AIDS, ARC (n=63); (b) 
HIV-1 (n=100), HIV-2 (n=10), HTLV-I/II (n=l4); positive for HBsAg, (n= 50); (c) positive for antibodies 
all asymptomatic (total n = 124); (e) with AIDS, ARC to HBc protein, (n=22); (d) with elevated (>100 
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(ii) 



(Ui) 



tiv) 



(v) 



I.U./L) alanine aminotransferase (ALT) enzyme activ. 
ity, (n= 86) tested using three HCV El A formats using 
Peptides IIH, V and VIIIE at 5, 3, and 2 ug/mL respec- 
tively (Format Q; Peptides VIIIE, and 1XD at 2 and 2 
ug/mL each (Format D), and Peptides IIH and V at 5 5 
and 3 ug/mL each (Format A). 

FIGS. 1M, 13-2, 13-3. 134, 13-5. and 13-6 depict the 
signal to cutoff ratio frequency distribution of HCV 
positivity in low risk random donor specimens using 
three HCV-EIA Formate, A (13-1 and 13 2), C (13-3 10 
and 13-4), and D (13-5 and 13-6). The results were 
screen tested in a blood bank setting. 

FIG. 14-1 provides a study of serum samples col- 
lected over a ten year period of time from a NANBH 
patient who sero-converted after receiving HCV in- 15 
fected blood. The samples were tested by a third EIA 
format designated as C (coated with Peptides IIH, V, 
and VHIE at 5, 3 and 2 ug/mL respectively) in compar- 
ison to two other EIA formats (designated as A and B.) 

FIG. 14-2 provides another kinetic study with serum 20 
samples, kindly provided by Dr. D. Bradley of Center 
for Diseases Control, from a chimpanzee which sero- 
converted after being inoculated with a well-character- 
ized strain of HCV and contracted NANBH. These 
samples were tested by the HCV EIA Format C, in 25 
comparison to a R1A using rDNA based HCV C-100 
protein as the antigen. The ALT levels are also indi- 
cated with each bleed as a reference parameter. 

FIGS. 15-1 and 15-2 both provide a side-by side data 
comparison via x-y plots with samples from hemodialy- 30 
sis patients, kindly provided by investigators at the 
Japanese National Institute of Health. The results were 
obtained by using the peptide based HCV EIA Format 
C (coated with peptides derived from both the struc- 
tural and non-structural proteins containing IIH, V and 35 
VIIIE at 5, 3, and 2 ug/mL respectively), HCV EIA 
Format A (coated with peptides derived from the non- (v») 
structural protein region containing IIH and V at 5 and 
3 ug/mL respectively), and the recombinant HCV 
C-100 protein based EIA. 40 

The amino acids in the drawings and tables are abbre- 
viated using the art accepted single letter codes as fol- 
lows; 
A— Ala = alanine, 

R=Arg=arginine, 45 
D*=Asp=aspartic acid, 
N = Asn = asparagine, 

Q=Gln= glutamine, (vft) 
E=Glu= glutamic acid, 

L= Leu = leucine, 50 
K^Lys = lysine, 
HssHis=histidine, 
T = Thr — threonine, 

G=GJy= glycine, C») 

I=Ile=isoleucine, 55 

F= Phe = phenylalanine, 

Sc=Ser= serine, 

W as Trp == tryptophan, 

Y=Tyr= tyrosine, 

V= Val = valine, 60 
C=Cys= cysteine, 00 
p= Pro = proline, 
M = Met = methionine 

DETAILED DESCRIPTION OF THE 65 
INVENTION 



sized for the detection of antibodies to HCV in body 
fluids, the diagnosis of NANBH, and for the vaccina- 
tion of healthy mammals by stimulating the production 
of antibodies to HCV. These peptides are arranged in 
the following sequences: 



Glu— Glu— Cys— Ser— Gin— His— Leu— Pro— Tyr— 
De— Giu-Glo— Gly— Mo-M«— Uu— AI*-Olu- 



Val— lie— Ala— Pro— X 



Ilc~ne— Pro— Asp— Arg— Glu— Val— Leo— Tyr— 
Arg— Glu-Phe— Asp—Clo- Met-Glu— Glu-Cys— 
Ser— Gin— His— Leu— Pro— Tyr— lie— Glu— Gin— 
Oly-Met— Met-Leu-Ala-Glu— Gin— Phe-Lys- 
Gln— Lys— Ala— Leu-Gly— Leu— X 



0) 



01) 



(I1H) 



Ser— Gly— L,- 
Arg— Glu— Val— Leu— Tyr— Arg— Glu— Phe— Asp— 
Glu— Met-Glu— Olu-Cys— Ser— Gln-His— Leu— 
pro— Tyr— lie— Glu— Gin — Gly—Mcl— Met— Leu- 
Ala— Glu— Gin— Phe — Lys— Gin — Lys— Ala— Leu— 
Gly— Lea— X 

Cys—Val-Val-Ile-Val— Gly— Arg-Val— VaJ- 
Asp— Arg— Glu— V*]— Leu— Tyr— Arg— Glu— Pbe— 
Leu— Pro— Tyr— He— X 



an) 



Ser— Gly— Lys— Pro— Ala— He— lie— Pro— Asp— 
Arg — Glu — Val— Leu— TyT— Arg— Glu — Phe — Asp — 
Glu — Ma— Glu — Glu — Cys— Ser — Gin— His— Leu— 



(TV) 



(V) 



(vii) 



Lys— Gin— Lys— Ala- — --, - 
Thr— Ala— Ser-Arg— Gin— Ala-Glu— Val-Ile— 
Ala— Pro— Ala— Val— Gin— Thr— Am— Trp— Gin— 
Lys— Leu— Glu— Thr— Phe— Trp— Ala— Lys— His— 
Met— Trp— Asn— Phe— X 

Glu— Gln-Gly-Met— Met— Leu-Ala-Glu— Gln- 
Phe— Lys— Gln-Lys— Ala-Leu-Gly— Leu— Leu— 
Gin— Thr— Ala— Ser-Arg— Gin— Ala— Glu— Val- 
ue— AU-Pro— Ala— Vtl-Gln— Thr— Asn-Trp— 



(VI) 



Pro-Gly-Ala-Leu-Val-Val-Gly-VaJ-Val- 
Cys— Ala— Ala— He— Leu— Arg— Arg— Hii-Val— 

Gly-Pro— Gly T -Ghj—G'y~Ala- Va, -- G!n — Tf P- 
Met— Asn— Arg— Leu— lie-Ala— Phe— Ali-Scr- 

Arg-Gly-Ain— His— Val-Ser— Pro— X 

Ser— Thr— He— Pro— Lys— Pro— Gin— Arg— Lys— 
Thr— Lys— Arg— Asn— Thr— Asn— Arg— Arg— Pro— 
Gin— Asp— Val— Lys— Pbe— Pro— Gly— Gly— Gly— 
Gin— He— Val— Gly— Gly— Val— Tyr— Leu— Leu- 
Pro— Arg— Arg-Gly— Pro— Arg— Leu— Gly— Val— 
Arg— Ala— Thr— Arg —Lys— Thr— Ser — Gl u— A rg— 
Scr-Gln-Pro-Arg-Gly-Arg-Arg-X, and 

Gly— Arg— Arg— Gin— Pro— He— Pro— Lys— Val— 
Arg— Arg— Pro— Glu— Oly— Arg— Thr— Trp— Ala- 
Gin— Pro— Gry— Tyr— Pro— Trp— Pro— Leu— Tyr— 
Gly— Asn— Glu— Gly— Cys— Gly— Trp— Al»— Gly— 
Trp— Leu— Leu— Ser— Pro— Arg-Gly— Ser— Arg— 
Pro— Ser— Trp— Gly— Pro— Thr— Asp— Pro— Arg- 



yll) 



(VIII) 



OX) 



In accordance with the present invention, three pep- 
tides and their segments have been chemically synthe- wherein X is —OH or — NH2. 
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Ov) 



(v) 



<vQ 



(vii) 



These peptides may comprise combinations or seg- 
ments, i.e. longer or shorter peptide chains by having 
more amino acids added to the terminal amino acids, or 
by amino acids removed from either terminal end. 

These peptides may also comprise analogues to ac- 
commodate strain-to-strain variations among different 
isolates of HCV. HCV is indicated to have frequent 
mutations. Therefore, it is expected that variant strains, 
such as J-l and J-4 (see reference #27), exist. Adjust- 
raents for conservative substitutions and selection 10 
among the alternatives where non-conservative substi- 
tutions arc involved, may be made in the prescribed 
sequences. It is expected that as long as the peptide's 
immunoreactivity recognizable by the antibodies to 
HCV is preserved, analogues of the synthetic peptide 13 
may also comprise substitutions, insertions and/or dele- 
tions of the recited amino acids of the above sequence. 

These peptides may also comprise conjugates, i.e.. 
they may be coupled to carrier proteins such as bovine 
serum albumin (BSA) or human serum albumin (HSA). 
Furthermore, these peptides may comprise polymers, 
i.e., they may be synthesized on a polymeric resin, such 
as a branching octameric lysine resin. 

The amino acid sequences of the polypeptides useful 
as test reagents for the detection of antibodies to HCV 25 
in body fluids and diagnosis of NANBH are selected to 
correspond to a partial segment of the amino acid se- 
quence of the HCV proteins: a non-structural protein 
designated as HCV C- 100(1 8), and a structural protein tvu,) 
such as the core (nucleocapsid) protein (27). 30 

In selecting regions of the HCV protein for epitope 
analysis, peptides in the 40 mer size range with amino 
acid sequences covering the complete HCV C-100 pro- 
tein and the postulated core protein were synthesized. 
These were tested for their immunoreactivity with 35 
serum from a patient positively diagnosed with HCV 
infection. Six overlapping peptides from the HCV 
C-100 protein region designated as I, II, III, IV, V and 
VI and two adjacent peptides form the postulated core 
protein region designated as VIII and IX were identi- 
fied to have specific immunoreactivity with the positive 
HCV serum. Another peptide vII and its fragments, 
C-terminal to this immunodominant region, was also 
found to have moderate immunoreactivity with a sub 
population of HCV positive sera. See Example 12. Pep- <5 
tide IIH, another analogue of Peptide II, with five addi- 
tional amino acids to the N -terminus has been found to 
be highly immunogenic and contains an additional epi- 
tope recognizable by antibodies in sera from patients 
with acute phase NANBHv infection (with elevated 50 
ALT levels). The amino acid sequences of the peptides 
are as follows; 



16 

•continued 

I>ro-Tyr-Ile-01u-Gln-Gly-Met-Mei-Leu- 
Ali-Olu-Ob-Phe— Lya-Gln-Lyi-AU-Leu- 
Gry— Leu— X 

Cy> -Vi)-Vil-De-VtJ-01y-Arg-V»l-ViJ- 
Asp^Arg^lu-V»]-l^-TyiwArg^lu-Phe 
Leo— Pro— Tyr— He— X 



am 




Glu-Mci— Glu— GJu-Cy>-Ser-C]o— HU— Lev- 
Pro— Tyr— lie— Glu— Gin-Gly— Mei-Met— Leu- 
AU-Glu-Olo-Phe-X 



(V) 



(U) 



. 40 



(i) 



Lyt— Gln—L,r- — — - 

Thr-Al«-Ser-ArB-GlD-AU-Gto-ViJ-Ue- 
AU— Pro— AU-Vti-Gln-Tlir— Asn-Tro—Gln- 
Ly» — Leu — Glu — Thr— Phe— Trj>— Ala — Lyi— HU- 
Met-Trp— Aro— Phe— X 

Glu-Gln— Gly— Met-Met-Leu— AU-Glu-Gln- 
Phe— Lyj-Gtn— Lys-AU-Uu-Gly- Leu— Leu- 
Oln-Thx-AU—Ser-Arg-Gln-AU-Glu-VaJ- 
Ile— AU— Pro— Alt — Val— Gin — Thr— A«>— Trp- 
Gln— Ly*— Leu— Glu— Thr— X 

Pro-Giy-AU-Leu-ViJ-Vil-Gly-Vd-Vtl- 
Cyt_AU-AU-He-Leu-Arg-Arg-HU-V«l- 
Gly-Pro-Gly-Glu-Gly-Ala-Val— Gin— Tr?- 
Me»— A*n— Arg-Leu— He— AU-Phe-AU-Ser— 
Arg— Gly— Ain— HU-Vil-Ser-Pro—X 

Ser— Tar— He— Pro— Lyt-Pro-CIn— Arg— Lyt— 
Thr— Lyi— Arg— Atn-Thr-Asn— Arg— Arg— Pro- 
Gta— A«p~Vtl— Lyi-Phe-Pro— Gly-Gly-Gly- 
Gln— He— V«J— Gly— Gly— Val— Tyr— Leu— Leu— 
Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Vil- 
Arg-AU-Thr-Arg-Lyt-Thr-Ser-Glu-Arg- 
Ser-Gln— Pro— Arg— Gly— Arg-Arg-X, and 

G!y-Arg— Arg— Gin-Pro— lie-Pro— Ly*— VaJ- 
Arg— Arg— Pro— Glu— Gly— Arg— Thr— Trp— AU— 
Oln— Pro— Gly-Tyr-Pro—Trp— Pro— Leu-Tyr— 
Qly-Aw— Glu— Gry-Cyi— Gly— Trp— Ali-Gly— 
Trp-Leu— Leu-Scr-Pro- Arg-Gly— Ser— Arg- 
Pro-Ser— Trp-Gly-Pro— Thr— Asp- Pro— Arg— 
Arg— Arg— Ser— Arg— Atn— Leu— Gly— X 



The six peptides I, IL, ID, IV, V and VI span a region 
' 90 amino acids: 

-V«l— lie— Val— Gly— Arg— Vil— VaJ— Leu— Ser— 



(VI) 



(VI!) 



(VIII) 



(IX) 



Glu — Glu — Cyi — Ser— Gin — HU — Leu— Pro— Tyr— 
He — Glu — Gin — Gly— Met— Met— Leu— AU— Glu— 
Oln— Phe— Lys— Gin— Ly»— AU-Leu— Gly— Leu- 
Leu— Oln-Thr— Ala— Ser— Arg— Gin— Ala—Glu— 
Val— lie— AU — Pro— X 



0) 



Leu— Tyr— Arg—Glu— Phe— Aip— Glu— Met— Glu— Glu— Cyi— 
Ser— Gin— Hb— Leu— Pro— Tyr— lie— Glu— Gto— Gly— Mel — 
55 Mel— Leu — AU — Glu— Gin— Phe — Ly» — Gin — Lys— Ala— Leu— 
Gly — Leu — Leu— Gin — Thr— AU— Ser— Arg— Gtn— All— Glu — 
Val— He— Ala— Pro — AU — VaJ — Gin — Thr— Aw— Trp — Gin— 
Lyv— Leu — Glu— Thr— Phe— Trp — AU— Lyt— HU — Mei— Trp — 
Asa— Phe 



(m) 



Ile-De— Pro— Aip— Arg-Glu-VaJ-Leu— Tyr- 
Arg— Glu— Phe— Aip— Glu— Mel-Glu— Glu-Cyv— 
Ser — Gin— Ha — Leu — Pro— Tyr— He— Glu — Gln- 
Gly— Met— Met— Leu — Ala— Glu— Gin— Phe— Lyi — 
Gin— Lyt— AU— Leu — Gly— Leu— X 



Ser— Qly— Ly»— Pro— AU— lie— He— Pro— Aip— 
Arg— Olo— Val— Leu— Tyr— Arg— Glu— Phe— Atp— 



(H) 60 and were found to have specific immunoreactivity with 
the positive control serum. Table 1 shows the amino 
acid sequence of this immunodominant region of the 
HCV protein, and presents the ammo acid sequence of 
the six chemically synthesized peptides, designated as I 
65 to VI and segments (A to H) thereof. 
° IH) Another two peptides (VIII and IX) spanning a re- 
gion of 1 19 amino acids located inside the 5' terminal of 
the postulated HCV core protein: 
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Set -Thr-Uc-Pro— Ly*-P^o^ln-A^8-Ly»-ThJ--Ly^-- 
A^^-AKH-Th^— AsD-Argr-Arg— PfO-^ln— Asp-V»J— Ly*- 
Phe-Pro-CJy-OJy-Gly-GJ»-ne-V»J-01y-01y-Val- 
Tyr-Leu— Leu— Pro— Arg— Arg-Oly-Prt>-Arj-Uo— Gly— 
ViJ— Arg— Alg-Tbf-At] 
Oln — Pro— Arg— G!y — Arg— A 
V.J— Arg— Arg- Pro-GIo-Gly— Aig-Thr-Trp-Alg-Ola— 
Pro-Cly 
Oly- 

Arg-Oly— So— Arg— Pro^Ser-Trp-Oly-Pro— Thr-Aip— 



were found to have specific immune-reactivity with a 
representative panel of well-characterized HCV anti- 
body positive sera. 
Table 7 shows the amino acid sequence of this inv 

S raunodominant region of the postulated HCV core pro- 
tein, and presents the amino acid sequence of the ten 
chemically synthesized peptides. They were designated, 
as Peptides VIII and IX with segments (A to D) 
thereof. Each of these peptides was coated at S ug/mL 

10 in a 10 mM sodium bicarbonate buffer (pH 9.5) onto 
polystyrene microwell plates and tested in a three step 
45 minute enzyme immunoassay procedure, described 
hereinbelow, with a panel of HCV antibody positive 
sera, each selected as representative of a particular clini- 

15 cal population, at various serum dilutions. 
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Calculations based on the overall E1A absorbance of all 
positive sera yielded an array cf imxnunorcactivity indi- 
ces represented as % relative immunoreactivity for 
each of the synthetic HCV peptides. Three peptides, 
designated as I1F, 11H and HID, being 40 mer, 47 mer 5 
and 30 mer in size, with the following amino acid se- 
quence respectively: 



(UF> 




5ct — Q\y — Lys— Pro— AU— He — He — Pro— Asp— Arg — Glu — 
V»J— Leu — Tyr— Arg— Glo — Phe — Asp — Glu— Me1 — Glu — Glu— 
Cys- Set — Oln~.HU— Leu— Pro— Tyr— Be— Olo— Gb»— Gly— 
Met-Met-Leu-* 1 * -i"-t— ph^_i «_r,ln-Lvs— AU- 
Leu— Gly— Leu 



15 



20 



(HID) 

Ser— G »y— Lys— Pro— AU— He— He— Pro— Asp— Arg-Gln— 
Vil-Leu-Tyr-Arg-Glu— Phe— Asp— Olu— Mel— Glu-Glu— 
fit* Hit 1 r'.i-Pm — Tyr— He 



normal individuals, thus resulting in false-positive re- 
sults. . . 

The assay of the present invention clearly minimizes 
such false-positive reactions as encountered in the other 
assay systems and, at the same time, shows a high sensi- 
tivity to truly positive sera by the substantially in- 
creased signal-to-noise ratio. This increased signal-to 
noise ratio probably resulted from the purity of the 
immunoadsorbent. The assay of the present in vention is 
also highly specific, in that the mean S/C ratios for 
HCV carriers are about 80-200 times the mean S/C of 
those of the non-infected individuals. For a representa- 
tive example, see FIGS. 5-1 and 3-2. 

The peptides useful as solid phase immunoadsorbents 
for the detection of antibodies to HCV were synthe- 
sized by the "classical** Merrifield method of solid 
phase peptide synthesis using slide chain protected t- 
Boc-amino acids to correspond to the following amino 
acid sequences: 

0) 



.". 25 

were found to have the highest immunoreactivity with 
the sera panel. The relative (%) immunoreactivity for 
each of the 40 HCV peptides listed in Tables 1 and 7, as rij) 
a result of this extensive epitope mapping study, pro- 
vides a basis for the delineation of several clusters of ^ 
amino acid residues (as underlined), each in a prescribed 
sequence, that are involved in or relevant to the anti- 
genic configuration of the HCV peptides. Two pep- 
tides, designated as VIIIE and IXD being 61 mer and 56 (Mi) 
mer in size are respectively located within the HCV 3J 
structural core protein region with the following amino 
acid sequences: 

(VIIIE) 

Ser-T>r«=He-Pro-Ly»-Pio-OlD-Arg-Lyf-Thr-Lys- ^ (j v) 
Arg4Asr»--mir-Afn— Arg-Arg-Pro-Gln-Asp-Vil-Lys- 
Phe-PWeiy-Gly-Gly-Gln-lie-Val— Gly-Gly-Val— 
Tyr— Uu— Uo— Pro— Arg-Arg^y-PrOj^g-LcTi-^y- 
GIn— Pro— Arg— Gly— Arg— Arg-X 

(IXD) 45 (y) 

lie— Pro— Lyf— V«J— Arg— Arg— Pro— Glu— Gly— Arg— Tyr— 
Tip — Alg — Gin — Pro— Gly— Tyr— Pro — Trp — Pro— Leu— Thr— 
Gly-Atn— Glu-Gly— Cy*— Gly— Trp—Alg— Gly— Trp— Leo- 
Leo— Ser— Pro— Arg— Gly— S«r— Arg— Pro— Ser— Tip— GJy— 
Pre— Thr-Atp— Pre— Arg-Arg— Arg-Ser-Arg-Asn-Leo- 
Gly-X 50 

(vi) 

Peptides XHIE and IXD were also found to have the 
highest reactivity in this region. 

Assays for antibodies to HCV based upon chemically 
synthesized peptides show several advantages over 55 
assays utilizing biologic based immunoadsorbents. The 
peptides can easily be synthesized in gram quantities by (vn) 
using automated solid-phase methods, thus providing a 
reproducible antigen of high integrity with consistent 
yields. The presence of other antigens from biological 60 
systems preclndes such reproducibility. More impor- 
tantly, non-specific reactivities seen in uninfected indi- (viii) 
viduals are likely to be due to the heterogeneity of the 
preparations used for assay. This is particularly true for 
assays using biologically based immunoadsorbents. In 65 
these processes, the host antigens are frequently co- 
purified with the desired viral protein(s). Antibodies to 
these contaminating antigens are frequently found in (U> 



Glu— Glu— Cys— Ser— Gin— Hb— Leu— Pro— Tyr— 
He— Glu— Gin— Gly— Mel— Met— Leu— AU— Glu— 
Gin— Phe-Lys— Gin— Lys— AU-Levi— Gly— Leu- 
Leo— Gln-Thr— All— Ser— Arg-Gln— AU-Glu- 
Vil— lie— AU— Pro— X 

He— He— Pro— Asp— Arg-Glu— V.l— Leu— Tyr- 
Arg— Glu-Phe— Aip— Glu— Met— Glu— Glu— Cyi— 
Ser-Clo— His— Leu— Pro— Tyr— He— Glu— Gin— 
Gly— Met— Met— Leu— AU-Glo-Gln— Phe— Lys— 
Ghv— Lys — AU— Leu— Gly— Leu— X 

Ser— Gly-tys-Pro— All— lie— He-Pro— Aip— 
Arg— Glu— Vtl-Leu— TyT— Arg— Glu— Phe-Asr- 
Glu-Met— Glu— Glu-Cys— Ser-Gln— His— Leu— 
Pro-Tyr-lle-Glo— Gln-Gly-Met-Met-Leu- 
AU— Glu— Glii— Phe— Lys — Gin — Lys— AU— Leu— 
GJy-Leu— X 



(II) 



OIH) 



Cy»— Val-Vil— Ile-V»l— Gly— Arg— Vil-Vil- 
Leu— Ser— Gly— Lys — Pro— AU— He — He— Pro- 
Asp— Arg — Glu— Vil— Leu— Tyr— Arg— G lu— Phe — 
Asp— Glu— Met— Gtu— Glu— Cys— Ser — Gin— Hi*— 
Leu— Pro— Tyr— He— X 



OH) 



Scr— Gly— Lys— Pro— AU— He— lie— Pro— Asp— 
Arg— Gin— V«l— Leu— Tyr— Arg— Glu— Phe— Asp— 
Glu— M et— Glu— Glu— Cys— Sex— Gin— His— Leu- 
Pro— Tyr— He — Glu— Gin— Gly— Met — Mel— Leu— 
AU-Glu-G!n-Phe-X 

Lys— Gin— Lys— AU— Leu— Gly— Leo— Leu— Gin— 
Thr— Ali-Ser-Arg-Gln-AU-Glu-Vil-He- 
Alj—Pro— Al»— VmJ— Gin— Thr— Atn— Trp— Gin— 
Lys— Leu— Glu— Thr— Phe— Trp— AU— Lys— His— 
Mel— Trp— Am— Phe— X 

Glu— Gin— Gly— Met— Met— Leu— AU— Glu— Gin— 
Phe— Lys— Gln-Lys-AU-Leu— Gly-Leu— Leu- 
Gta— Thr— AU—Sct— Arg-Gln— AU-Glu— Vtl— 
He— AU— Pre*— AU— V»l— Gin— Thr— Aso— Trp— 
Gto-Lys— Leu-Glu-Thr-X 

Pro_Giy_AU-Leu-Vil-V.j_Gly-Vil-V.l- 
Cys-AU— AU-He-Leu-Arg-Arg-HU-V.l- 
Gly— Pro— Gly— Glu-Gly— AU— V»l— GJn-Trp— 

Arg— Gly— Aui— His— Vil— Ser— Pro— X 



(IV) 



(V) 



(VI) 



(VII) 



S cr _Thi— lie— Pro— Ly>— Pro— Gin— Arg— Lys— 



(VIII) 
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absorbance of the reaction mixture was read at 492 nm 

^-L^rt-A^-ZL-ATi-A*-**- with an BUSA reader. 

Gb~Aip-v»i-Ly»-Pbe-PTt>-0»y-Oiy-OJy- As demonstrated in FIG. 1-1, serum sample 1 has 

GU>-iie-Vtl-G]y-Oly-v»l-Tyr-Utt-teu- Uttle reactivity with Peptide 1A and IB. However, its 

A7"^^!Ti^m"^ailrArt 5 reactivity with Peptide 1C increases significantly, fol- 

lowed by a marginal increase with Peptide ID, and 
additional increases with Peptides IE and IF. This ihdi- 
« ~_ . „ , m cates that in the HCV Peptide I series, two clusters of 
W a^a^I^£^a^-?V^ amino acid residues, namely Lw-Ala-Glu-Gln-Phe and 

Olt-i>n^ly-TyT-PKy-Tr^-Pit^L CU -Ty T - 10 laEQF and His-Leu-Pro-Tyr-Ile and HLPYI and, are 

C)y— Aro-Olo— Oly— Cy»-Gly— Tip-nM*-Giy— contributing to the antigenic determinants) of the HCV 

^^f^^^S^^^I Peptide I. Similarly, a cluster of residues namely Glu- 

A^Xrg-S^X^Ain-Uu-Glylx Glu-Cys-Ser^lu-His-Lcu-Pro-Tyr-Ile and EECSQH- 

LPYI and is contributing to the immunoreactivity of 
wherein X is — NH 2 . 15 the HCV Peptide II series; another cluster of residues 

Other analogues, segments and combinations of these namely Ser-Gly-Lys-Pro-Ala-Ile-He-Pro-Asp-Arg and 
peptides may be prepared by varying the amino acid SGKPAIIPDR and is contributing to the immunoreac- 
sequences either by adding, subtracting, substituting, or ^ ty 0 f HCV Peptide III series and two clusters of 
deleting desired t-Boc-amino acid(s). residues, namely Gly-Leu-Leu-GJu-Thr and GLLQT 

Following completion of assembly of the desired 20 ^ md Glu-Val-Ue-Ala-Pro and EVIAP and are con- 
blocked peptide on the resin, the peptide-resin is treated tributing to the immunoreactivity by HCV Peptides IV 
with anhydrous hydrofluoric acid to cleave the peptide ^ y serics ^ ^ shown on the bottom of FIG. 1-1, a 
from the resin. Functional groups of amino acids which ^ of six c \ usten 0 f amino acid residues repre- 
are blocked during synthesis by benzyl-deriyed block- ^ discontinuous epitopes in this immunodominant 
ing groups are also cleaved from the peptide simulta- » Qf ^ Hcy m m idcntified M contribuUng 

neously. The free peptide is then analyzed and^nfied * immunoreactivity with serum sam- 

by high performance liquid chromatography (HPLC) w l " c a *™-" 

and characterued biochemically by f^^and^s. P e ^ immunoreactivity profile for 

Hied and synthetic genes encoding such peptides con- reactivity profiles of serum samples 1 and 2. The im- 
strutted. The synthetic gene may be inserted into vec munodommant epitope, as marked by residues Ser-Gly- 
tor constructs by known techniques, cloned and trans- 35 Lys-Pro-Ala and SGKPA and Ile-Ile-Pro-Pro-Asp- 
fected into host cells, such as E. coli, or yeast The Arg-Glu-Val and IIPDREV and, is located towards the 
secreted polypeptide may then be processed and puri- N-terrainus of the region. 

ficd according to known procedures. The peptides syn- FIG. -1-3 illustrates an immunoreactivity profile for 
thesized according to the above described procedures serum 3 when tested on the same 31 HCV peptide pantL 
are highly reactive with antibodies to HCV and can be 40 Through this extensive epitope mapping analysis, serum 
used as a highly sensitive and specific immunoadsorbent sample 3 was found to have a similar immunoreactivity 
for the detection of antibodies to HCV. profile to that of serum sample 2. 

FIGS. M, 1-2. 1-3 and 14 and FIGS. IM and 11-2 FIG. 1-4 illustrates an immunoreactivity profile for 
show the amino acid sequences of the immunodominant serum sample 4 which differs significantly from that of 
regions of HCV proteins, both structural and non-struc- 45 ^pie 2 and 3, while maintaining some similarity to 
tural, and precisely delineates, in the case of the non- ^ Q f sample 1. 

structural protein HCV C-100 region, the underlined In summary, epitope mapping analysis conducted 
amino acid residues that contribute ( — marginally, — w j th a ^es of 31 overlapping peptides covering an 
moderately, or — strongly) to the immunoreactivities, immunodominant region of the HCV non-structural 
measured at A492 nm by a peptide based EIA proce- 50 proteijlt w y cn spaJ k a to tal of 90 amino acid residues as 
dure of these HCV peptides with four representative illustrated in table 1, and an immunodominant region of 
HCV antibody positive sera. ^ HCV structural core protein, which spans a total of 

The peptide based EIA procedure used to measure j w am - n n add residues as illustrated in Table 7. reveals 
the immunoreactivity of each peptide is as follows. 100 yjryj,,. decree of immunoreactivity among different 
uL per well of each of 55 HcVantibody positive samples and these HCV pep- 

ug/mL ma pH 9.5 sodium bicar^nate buffe^ rgO, *W Based on overall EIA absorbance readings ob- 

mins. at 37' C. The wells were washed, enzyme labelled Ue-Ile-Pro-Asp-Arg-Glu-yal-Uu-Tyr-Arg and G u- 

antibodies were used to bind the HCV-antibodypeptide * ^J^** "Sff?^ * T JTZu! r^ll' 

complex, and the plate was incubated for another 15 65 Lys-Pro-Ala. Glu-Val-I^Tyr-^g-Glu-Phe . Cys-Ser- 

mm. A color developer, eg. orthophenylenediaminc Gln-His-l^u-Pro-Tyr-Ue^Glu-Gln^ly; and Leu-Ala- 

(OPDX was then added. The reaction was stopped after Glu-Gln-Phe-Lys-Gln; or marginally, as in the case of 

15 min by the addition of 50 uL 1.0M H 2 SO* and the Lys-Gin-Lys-Ala-Leu, to the HCV immunoreactivity. 
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Similarly, the relative immunoreactivhy of Peptide normal plasma specimens from commerc.al sources. 
VIII and DC and their analogue-segments are presented The mean s/c nt|» for (o-2«9 «d 

in Table 7. screened out positive (Le- nci 14) «™ m specimens are 

TABLE 2 a i_ 

HCV Peptide Stgmrau 

Specimen! 



E 



BUnk 
NRC 
WRC 
SRC 



* ReUtive 
mmano 
retctivity 



a041 0.041 

0.O47 ooso 

0.040 0.048 

0.049 0.035 

0.066 0.21 S 

0.054 0.095 

0062 ao» 

a0S2 1.068 

0.063 0.08} 

0.059 a073 

aoso ao52 

0.070 0.087 

A492 nm 0056 1.765 

3.0 10.3 



0.041 
0049 

0.077 
0.330 
1.925 
0.080 
0.062 
1J91 
0.136 
0.058 
0.058 
0.254 
3.964 



0.041 
a049 
0044 
0383 
2.15) 
0.093 
0.064 
1.912 
0.156 
0.066 
0.062 
0.293 
4.077 

24.6 



0.041 


0041 


0.041 


0.040 


a040 


0.052 


0555 


0,045 


O044 


ao4B 


ai33 


0.221 


0.040 


0.042 


0.220 


0.828 


1.175 


0.043 


0.093 


1.188 


2.994 


3.247 


ao75 


0.838 


3.219 


0.171 


0.337 


0.066 


ai03 


0.243 


0068 


0.108 


0.065 


a058 


am 


1.994 


1726 


0.074 


2.769 


2.387 


0.246 


0.216 


0.057 


0.06S 


aw 


0.071 


0.07! 


ao6i 


0.068 


0566 


0.091 


ao9i 


a046 


0.049 


0566 


0.710 


0.698 


0.070 


0.076 


0718 


6.345 


7.494 


0.514 


4.026 


6,924 


38,2 


45.6 


3.1 


24.3 


41.7 



0.041 
0.046 
0153 
0.963 
3.282 
0536 
0129 
1437 
0.085 
0.061 
0.048 
0.812 
7.390 



O04) 
0048 
0.241 
U79 
3.494 
0872 
0.371 
1822 
0.197 
0.086 
0.152 
1.463 
9.457 

57 



0.041 
0.088 
0J99 
1.832 
3.316 
2.929 
2.406 
3.289 
0.732 
0623 
1.146 
1.998 
16.44 



0544 
a074 
0.365 
1.672 
3.395 
2.746 
2.696 
3.169 
0.261 
0.488 
1.100 
1.624 
15.48 

93.2 



Specimens 



Blink 

NRC 

WRC 

SRC 

1 

2 

3 

4 

5 

6 

7 

8 

8 

ii! 

91 Relative 
Immuno- 
reactivity 



A 


B 


C 


D 


E 


F 




0.046 


0.040 


0.045 


0.040 


0043 


044 


0.048 


0.061 


0.073 


0.071 


0.070 


0.046 


0.043 


0.192 


0243 


0.269 


0122 


0.046 


O074 


1.081 


U60 


1.379 


1.127 


0.289 


0.527 


3.245 


4.057 


3.545 


3.613 


0191 


0316 


2.715 


2.941 


3.053 


1984 


0.066 


0.085 


2.407 


2.612 


2.566 


1624 


0.064 


2.864 


3.096 


3.221 


3.319 


3.220 


0.056 


0.126 


0.588 


0.657 


0.700 


0.522 


0.054 


O075 


0.458 


0623 


0.641 


0.489 


0045 


0173 


0863 


1.577 


1.669 


1.505 


O058 


0.101 


0.635 


0.894 


0.937 


O820 


A 492 run 0823 


4.367 


14.03 


16.58 


16.43 


15.78 


4.9 


26.3 


85 


100 


99 


95 



Based on the above-mentioned epitope mapping 
study, four representative EI As were configurated 

using Peptide IIG alone, a mixture of two Peptides IIF 0.034 and 7.202 respectively; for the negative (n = 255) 

and HID, a mixture of IIF, IIID and V, or a mixture of 45 and positive (n=9) normal plasma specimens the mean 

IIH and V as the solid phase antigen. ratios are 0.084 and 7.089 respectively. A sharp contrast 

FIGS. M and 2-2 depict the comparison, by signal to between the screened out positives and all the negatives 

cutofT ratio, between the peptide based HCV-EIA em- is obtained with the peptide based HCV-EIA of the 

ploying Peptide IIG, at 5 ug/mL coating concentration, present invention. 

and that of recombinant SOD/HCV C-100-3 protein 50 Based on the high degree of sensitivity and specificity 

based HCV-EIA. In FIG. 2-1, a wdl-characterized of the peptide compositions according to the present 

HCV antibody positive control at various serum dilu- invention in their immunoreactivities to antibodies to 

tkms was used as the sample. In FIG. 2-2, a panel of HCV, it is believed that the peptide compositions ac- 

serum specimens derived from serial bleedings of a cording to the present invention may also be useful as 

single individual spanning a period of sero-convcrsion 55 vaccines to prevent NANBH, and as immunogens for 

to anti-HCV reactivity was used. Similar dilution titers the development of both monoclonal and polyclonal 

and equal ability to identify date of seroconversion, the antibodies to HCV in mammals, including humans. The 

two parameters indicative of the sensitivity of each peptide compositions when coupled to a protein, or 

assay, are obtained with the synthetic peptide based synthesized on a polymeric earner resin (e.g., an octam- 
EIA according to the present invention and rDNA 60 eric branching lysine resin) or when polymerized to 

HCV C-100 based EIA, except that the peptide based homo or hetero dimers or higher oligomers by cysteine 

assay according to the present invention is more sensi- oxidation, induced disulfide cross linking, or by use of 

tive. conferring a higher signal to cutofT ratio to its homo or hetero functional multivalent cross linking 

positive specimens. reagents, can be introduced to normal subjects to stimu- 
FIG. M and 3-2 depict the frequency distribution of 65 late production of antibodies to HCV in healthy mam- 

the synthetic peptide based HCV-EIA signal to cutofT mals. ...... 

ratios, using Peptide IIG at 5 ug/mL as the coating The advantages of using the peptides according to the 

concentration, obtained with 264 normal serum and 264 present invention are many. 
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Since the peptide compositions according to the pres- uL of 3% by weight of gelatin in PBS at 37' C for 1 

ent invention are not derived biologically from the hour to block non-specific protein binding sites, fol- 

virus, there is no danger of exposing the normal subjects lowed by three washes with PBS containing 0.05% by 

who are to be vaccinated to the disease. volume of TWEEN 20 and then dried. The test speci- 

The peptides can be chemically synthesized easily. 5 mens were diluted with PBS containing 20% by volume 

This means that there is no involvement with the HCV normal goat serum, 1 % by weight gelatin and 0.05 % by 

at any time during the process of making the test rea- volume TWEEN 20 at dilutions of 1:20 volume to vol- 

gem or the vaccine. Another problem which can be ume, respectively. 200 uL of the diluted specimens were 

minimized by the process of the present invention is the a^dtA to each of the wells and allowed to react for 15 

false positive results caused by the presence of antigenic io min utes at 37*. 

materials from host cells co-purified with the HCV ^h c W ells were then washed six times with 0.05% by 

fusion protein. Certain normal individuals have antibod- volume TWEEN 20 in PBS in order to remove un- 

ies to £ coli or yeast proteins which are cross reactive bound antibodies. Horseradish peroxidase conjugated 

with the antigenic materials from host cells. Sera from goat anti-human IgG was used as a second antibody 

these normal individuals may show a positive response 15 lraccr to bind with the HCV antibod y-peptide antigen 

in the immunoassays. complex formed in positive wells. 100 uL of peroxidase 

Further, with appropriate amino acid modifications i a oded goal anti-human IgG at a dilution of 1:1800 in 

or substitutions, it is expected that various peptide ana- J% . volume nonnal goat serum, 0.05% by volume 

logues based on the prescribed amino acid sequence can tween 20 in PBS was added to each well and incu- 
be synthesized with properties giving rise to lower 2 o batcd at 37 . c for 15 minutes, 

background reading or better binding capacity to solid ^ wclk wcrc ^ timcs ^ 0 05 ^ by VQ ,. 

phases useful for HCV antibody screening assays. TWEEN 20 in PBS to remove unbound antibody 

Moreover, because the peptide compositions of the ^ ^ ^ of ^ ^bstrate mature con- 

present mvento are syntheucaliy P£«*^M £ninTo04% by weight orthophenylenediamine 

b Safely low, the cos? of screening bSdy fluids for dase label by fornung ■ ^ colore* I product Reactions 
antibodies to HCV, diagnosis of NANBH infection, or 30 were stopped by the addition of 100 »L of \XM H2SO4 
the preparation of a vaccine is relatively low. and the absorbance measured usingan ELISA reader a 

The peptides prepared in accordance with the present 492 nm (U. A492). Assays were performed 1 in singlet at 
invention can be used to detect HCV infection and one specimen dilution (120) with a panel of eight repre- 
diaenose NANBH by using them as the test reagent in sentative HCV antibody positive sera, along with the 
an enzyme-linked immunoadsorbent assay (ELISA), an 35 specimen diluent blank, non-reactive, ™ c |; vc 
enzyme immunodot assay, an agglutination based assay, and strongly reactive controls (NRC, WRC, SRC) all in 
or other well-known immunoassay devices. The pre- duplicates. 

ferred method is ELISA. The ELISA technique is ex- Results obtained from this study are shown in Table 
emplified in Examples 1, 2, 8-10, 12 and 14-1 8 and the 2. According to the EIA absorbance readings at 492 nm 
agglutination based assay in Examples 3 and 4. The w (y axis) and the amino acid sequences for each of the 
Examples are used to illustrate the present invention corresponding HCV peptides (x axis), representative 
and are not to be used to limit the scope of the inven- immunoreactivity profiles are plotted for four of the 
ti on , eight sera as shown in FIGS. M to 1-4. Relative (%) 

It is to be noted that in the following methods, 0.25% immunoreactivity index for each of the 31 peptides is 
by weight of glutaraldehyde may be added to the coat- 45 calculated using Peptide HID as a reference based on 
ing buffer to facilitate better peptide binding onto the the total absorbance of eight sera at 492 nm (See Tables 
plates or beads. Further, horseradish peroxidase 1 and 2). FIG. 1 shows the amino acid sequences of the 
(HRPO) conjugated mouse monoclonal anti-human immunodominant region according to data presented in 
IgG antibody or the HRPO conjugated second antibod- Tables I and 2, and precisely delineates the amino acid 
ies from any other animal species may be used in place ^ residues (underlined) that contribute (- - - marginally, — 
of the HRPO-conjugated goat anti-human IgG as the moderately, and — strongly) to the immunoreactivities. 
second antibody tracer. In summary, epitope mapping analysis conducted 

The gelatin used in these processes can include calf with a series of 31 overlapping peptides covering an 
skin gelatin, pig skin gelatin, fish gelatin or any known immunodominant region of HCV, spanning a total of 90 
available gelatin proteins, or be replaced with albumin 55 amino acid residues as illustrated in Table 1, reveals a 
proteins. varying degree of immunoreactivities between different 

cvawdt p 1 HCV antibody positive samples and these HCV pep- 

tAAMrt * c 1 tides. Based on this study, several discontinuous epi- 

Measurement of Relative (%) Immunoreactivity for topes are located within this immunodominant region, 
synthetic peptide covering an immunodominant region w Contrary to what is speculated by the conventional 
of the HCV protein C-100 by an Enzyme-Linked wisdom, it is found preferably to have peptides with 
Immunosorbent Assay longer amino acid chains, ideally longer than 20, syn- 

Wells or 96-well plates were coated at 4* C over- thesized in order to optimally present these antigenic 
night (or 1 hour at 37* C), with each of the thirty one determinants to HCV antibodies. 
peptides:IAtoIF,IIAtoIIH,niAtoinF.IV.V,VIA 65 Based on the above-mentioned epitope capping 
to VIE (see Table 1) prepared as described at 5 ug/mL study, four representative EIAs using peptide UQ 
at 100 uL per well in 10 mM NaHCOj buffer. pH 9.5. alone, or a mixture of peptides IIF and HD 01 r a jmx- 
The peptidecoated wells were then incubated with 250 ture of IIF, HID and V, or a mixture of IIH and V as the 
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solid phase antigen were configurated for the following the following formula: Cutoffs (0. 1 X SRC) + NRC 

efficacy studies as demonstrated in Examples. 2, 8, 9, 10 Both the raw absorbance (designated as signal) and the 

wd j 2 . ratio of signal to cutofT are recorded for all specimens 

analyzed. 

EXAMPLE 2 s The following groups of specimens were anal yzed on 

Detection of Antibodies to HCV by an Enzyme-Linked the HCV peptide based EIA according to the present 

Immunosorbent Assay invention, with the plates coated either with 5 ug/mL 

^ • • of peptide IIG or a mixture containing 5 ug/raLHF and 

Wells of 96-well plates were coated at 4' C overnight i ^Titro' 

(or for I hour at 37' C) with either Peptide IIG alone * well^haracterized HCV antibody positive con- 

at a coating concentration of 0.5 ug per well (designated 7 , scTum ^lions; ( 0D both IIG and IIF/I- 

as IIG EIA) or with a mixture of two Peptides IIF and \ 

HID (designated as IIF/IIID EIA) in a ratio by weight ' Qf Jcnjm imen5 dcrivcd from serial 

of HF:IIID- 1:1 at 1 ug per well of the mixture m 100 t,^^ of a single individual spanning a period of 

uL 10 mM NaHCOj buffer pH 9£ The peptide coated "fj^ ^ti-HCV rea^vity7(on both IIG 

wells were then incubated with 250 uL of 3% by weight , IIF/mD pUtes \ 

of gelatin in PBS at 37' C for 1 hour to block non- 2M nonnm , and w normal plasma specimens 

specific protein binding sites, foUowed by three more ' cojmnerdal ^ (on fi G plates only) 

washes with PBS containing 0.05% by volume of (d) individuals positive for HBsAg, (n-30); (on both IIG 
TWEEN 20 and dried. 20 ' d hf/IIID plates) 

The test specimens were diluted with PBS containing . for antibodies to HBc protein, 

20% by volume normal goat serum, 1% by weight / nc=39 ). (on both IIG and IIF/IIID plates) . 

gelatin and 0.05% by volume TWEEN 20 at dilutions of ^viduals with elevated (>100 I.TJ./L) alanine 

1:20 volume to volume, respectively. 200 uL of the 'gmfaotniiiferiic (ALT) enzyme activity, (n=174); 
diluted specimens were added to each of the wells and ^ {m ^ nG and IIF/n , D platcs) 

allowed to react for 15 minutes at 37 . ( R) individuals positive for antibodies to retroviruses 

The wells were then washed six times with 0.05% by HlV-l(n= 100), HIV-2(n= 10), HTLV-I/II(n= 14); 

volume TWEEN 20 in PBS in order to remove un- asymptomatic, (total n=124); (on both IIG and 

bound antibodies. Horseradish peroxidase conjugated IIF^UD plates) 

goat anti-human IgG was used asa second antibody indiv iduais with AIDS, ARC(n=200) or ATL 

tracer to bind with the HCV antibody-peptide antigen / naslTO ) disease, (total n=370); (on both IIG and 

complex formed in positive wells. 100 uL of peroxidase i IF /HID plates) and 

labeled goat anti-human IgG at a dilution of 1:1800 m ind ividuals with autoimmune disease (n=20). (on 

1% by volume normal goat serum, 0.05% by volume '„ . . * 

TWEEN 20 in PBS was added to each well and incu- 3J reco P mbinant &D/HCV C100-3 HCV-E1A repeat- 

bated at 37' C for another 15 minutes. M obtained from a random 

The wells were washed six times with 0.05% by vol- * population, (n=23). (on both IIG and IIF/I- 

ume TWEEN 20 in PBS to remove unbound antibody ^ plates) 

and reacted with 100 uL of the substrate mi xture con- R ^ ff0m (a) and (b) are pres- 

taming 0.04% by weight orthophenylenediamme . nGS M ^ M rc$pectivc iy (data obtained 

(OPD) and 0.12% by volume hydrogen peroxide in , } from (c) in F1GS> „ and 

sodium citrate bufTer, pH 5.0. This substrate mixture £ * (i) fa nQ 4 from Q) in 

was used to detect the peroxidase label by forming a * 3 and FIGS 5 and 6 

colored product Reactions were stopped by the addi- ^ ^ u ^ p,^ 2 ., ^ ^ a nmpznson, 

tion of 100 uL of I.OMH2SO4 and the absorbance mea- 4J rf . ^ ratJo> thc based 

sured using an ELISA reader at 492 mn (i.e. A492) As- H 7 CV . EIA of & t prescnl invention employing peptide 

says were performed in singlet at one specimen dilution nG ^ ^ Qf recorabinanl SOD/HCV C-100-3 pro- 

(1:20) with all test specimens. Each plate run is accom- ^ b&%d HCV .EIA produced by Chiron/Ortho. Simi- 

panied by a panel of eight controls deluding the speci- dUution ^ ^ tbmty tQ idcntify ^ of 

men diluent blank, negative, weak HCV reactive and KrcwX)nvcrsion) thc two parameters indicative of each 

strong HCV reactive controls, all in duplicate Hie sensitivity, are oblained for both assays. How- 

strongly reactive control was adjusted by dduUng a ' according to thc present invention is 

HCV positive serum in the specimen dilution bufTer at sensitive and confers a higher signal to cutoff ratio 

1^00, which .gave an absorbance value at 492 nm of ^ pSlive specimens, 

about 1.5 when performed in this standard 45 minute 1 
assay procedure. A cutoff value is calculated based on 

TABLE 3 ____ 



**' ^ rDNA Peptide 

SAMPLE HCV RFT KPT ALT Aati-HBc OTHER HCV-E1A 

ID No. S/C S/C S/C QUA.) (S/Q POSITIVES S/C 

1 161 5^3 5.56 5.56 36/56 Ho ~~ N 

2 280 5.76 5,56 5.56 71/56 0.07+ HBc, ALT 10 

3 374 1.98 145 2.45 20/56 1.97 0.573 

4 517 5.79 3.68 5.68 34/56 2.04 H 

5 561 1.74 2.75 2,47 21/56 146 0. 72 

6 675 0.93 US 144 29/56 1.98 0.135 

7 720 5.68 5.68 5.68 57/56 O08+ HBc, ALT 13 

8 773 3.56 3.88 5.88 86/36 107 HIV, ALT 8.623 

9 797 3.79 4J5 4.29 "74/56 0.38+ HBc, ALT 1.802 
10 869 3.66 5.59 5.39 3V36 2.43 »"5 
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SAMPLE HCV RPT RPT ALT 

ID No. S/C S/C S/C (IU/L) 



11 873 5.66 5.59 5.59 26/56 

12 1003 1.63 U4 1J01 31/56 

13 1073 5.73 5.59 3.59 17/56 

14 1099 1.72 1.76 1.94 10/36 

15 1118 3.59 3.79 5.19 10/56 

16 1336 0.93 U8 1.38 18/56 

17 1501 5.75 3.67 3.67 36/56 

18 1530 U7 1.48 1.50 23/36 

19 1557 0.91 U9 1.28 20/56 

20 1652 106 2.64 Z72 42/56 

21 1877 5.59 5.63 5.63 63/56 

22 1940 1.64 1.47 1.17 29/56 

23 2017 5.60 5.84 5.84 11/56 







Peptide 


AntwHBc 


OTHER 


HCV-E1A 


(S/O 


POSITIVES 


S/C 


234 




1.189 


102 




a078 


0.12+ 


Hfic 


2.594 


1.84 




aos3 


0.31 + 


HBc 


10.5 


2.15 




. aoio 


1.99 




3.349 


2.30 




0.943 


220 




0.3S5 


1.72 




0.135 


216 


ALT 


4.943 


2J3 




0.052 


ai9+ 


HBc 


6.786 



and 8%) when compared to those with other infections 
As shown in FIGS. 3-1 and 3-2, the frequency distri- or diseases (eg. 6.5%, 2.2% and 0%). 
bution of the HCV-EIA signal to cutofT ratios, using 20 Note: Sera from HBsAg earners were bndly provided 

peptide I1G at 5 ug/mL as the coating concentration, by the Infectious Diseases Laboratory of the Amen- 

£?t was obtained with 264 normal serum and 264 nor- can Red Cross; sera from HBc antibody positive . 

mal plasma specimens for commercial sources sug- donors were obtained from Boston Biomedica lnc 

gested a repekuTbly reactive rate of 5.3% and 3.4% sera from individuals with elevated ALT 'levels 

f^vely^These percentages are relatively high 25 (>100 I.U./L) were opined from both BostonB^- 

compared with those reported in field clinical trials omed ca Inc. and NAB1 laboratory; serafrom asymp- 

(usually 0.5-1.0%) using the rDNA HCV C-100 based tomatic individuals with retroviral anubod.es (H V-1 

EIA kit (Chiron/Ortho). However, in the assay accord- and HTLV-1) were obtamed from New York Blood 

ing to the present invention, the mean s/c ratios for the Center, and those with fflV-2 antibodies were from 

negative (n-250) and screened out positive (Lc n= 14) 30 Guinea Bissau of West Africa, loudly Prided by 

senim specimens are 0.034 and 7.202 respectively; for Dr. O. Varmer of Italy.; sera from patients with ATL 
the negative (n=255) and positive (n=9) normal were kindly provided by Ae Japanese Red Cross; 
plasmalpecimens the mean ratios are 0.084 and 7.089 sera from patients with AIDS and ARC. were kind y 
restively. Such a sharp contrast between the provided by Dr. D. Knowles at Columbia University 
screened out positives and all the negatives probably 35 College of Physicians and Surgeons, and Dr. ,V. S«- 
precludes the likelihood of a high false positive rate. gal at the Long Island Jewish Hospital; sera from 
Since these normal specimens are derived from com- patients with various captations of wtoiminune 
mercial plasma centers where the paid donors usually diseases were kindly P«^^^^™ 
represent a population with higher incidence of viral the Cornell University Medical School. All sera have 
markers thaTthe rigorously monitored blood banks, a 40 been characterized by additional licensed serologic 
higher repeatably reactive rate is also considered rea- markers before inclus.on m the current study, 
sonable. Previous clinical studies indicated thai between Table 3 illustrates results obtamed with the peptide 

7tol0 percent of patients receiving transfusions devel- based HCV EIA described in this invention on b panel • 

oped NANBH, where 90% of these post-transfusion of 23 recombinant HCV EIA repeatably reactive speci- 

hepatitis cases are caused by the NANBHV(5). These 45 mens obtained from a random topopnta Data 

reports also provide some support to the interpretation on each specimen's ALT level and HBc antibody reac- 

of^eoataobtamed herein that a high reactivity repre- tmty are provided as «PP£»f*J Llrf^^tivl 

sents a true positive result indirect confirmation of NANBH status of the positive 

Results obtamed from the screening of a total of 677 donors. As can be seen from the ™* * 

well-characterized clinical specimens previously cate- 50 mens with moVectconfirniation of theu NAr^H sUtus 

gorized into siz groups, from (d) to (i) using a represen- scored positive in the *J^^^J~g* Jg 

itive lot of plates coated with Peptide no. were plot- the present invention (on both no ™ d J™ 1 ^ 

S on a histogram as shown in FIG. 4. plates). In addition, four specimens that sc ored high on 

Fifteen ont of fifty (i* 30%) HBsAg carriers. 3 out of the pcptide.based a^y also jcored as strong posmves 

39 (Le, 8%) HBc antibody positive individuals. 43 out of 55 by the recombinant HCV EIA. thus further confirming 

174 (i.c 24.7%) mdividuisvrfth elevated ALT enzyme the HCV positivity of these specimens. Only one spcci- 

activity. 8 out of 124 (6,5%) asymptomatic individuals men scored marginally positive on the peptide based 

wta rettoviral antibodies, 6 out of 270 (ix. 2.2%) indi- HCV EIA. which lacks the other markers. However 

viduals with retroviral related disease, and 0 out of 20 this specimen scored positively with the recombinant 
(i.e. 0%) individuals with autoimmune disease were 60 HCV EIA. The remaming ten specimens that scored 

found to be repeatably reactive with the peptide HCV negative by the peptide based ^IA accordmg to^ 

EIA of the present invention using peptide HO. All present invention all had a marginal s/cutoff ratio of 

Siete posTtive'specimens were also &£* be positive between OS to 2.6. FIG. 'f^es adirect corre Ration 

whenWted on peptides IIF/IIID HCV EIA. although between the peptide based HCV EIA of Resent 
with much higher s/c ratios. 65 invention and the recombinant based HCV EIA by 

A much hirfier percentage of positive cases was their respective &/cuto!T ratios for this panel. 1 nus, tne 

found with those whohave \bnormai liver functions peptide based HCV EIA of the p 

(24.7%) or previous infection(s) with Hepatitis B (30% clearly differentiate the repeaUbly reactive specimens 
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previously screened out by the rDNA bised HCV E1A above-described HCV passive hemagglutination assay 
into two distinct groups, a positive group which corre- (PHA) employing Peptide IIG-BSA conjugate as the 
lated highly to those with other known NANBH mark- solid phase. FIG. 6 provides a correlation study be- 
ers and a negative group which probably represents tween the peptide based HCV PHA and the recombi- 
specimens with extraneous reactivities unrelated to 5 nant based HCV ElA by their respective P/C and s/c 
HCV. In addition to its use as a screening assay, the ratios. All samples with s/c EIA ratios higher than 3 
peptide based HCV EIA may also function as a positive were found to be positive with the HCV PHA test, 
confirmatory test for the rDNA based HCV EIA. With the exception of one, all specimens having border- 
Nose: This well-characterized serum panel was kindly line s/c ratios (between 0.9 to 2) scored as negative in 
provided by Dr. C Fang of the American Red Cross io this PHA test 
QC laboratory. EXAMPLE 4 

EXAMPLE 3 Detection of Antibodies to HCV By An Agglutination 

Detection of Antibodies to HCV By an Agglutination Assay Utilizing As the Solid Phase Immunosorbent 

Based Assay 15 Gelatin Particles, Erythrocytes Of Different Animal 

The presently claimed HCV peptides, synthesized Species, Or Latex Particles Coated with a Mixture of 

according to the Merrifield solid phase method, can be HCV Peptides 

conjugated to bovine serum albumin (BSA) by a simple Qne mL thoroughly washed erythrocytes, gelBtin 

crosslinking method in the presence of a low percentage particles, or polystyrene latex particles are coated with 

of glutaraldehyde solution (0.025%), or with other 20 ^ HCV nature, or conjugates thereof at an 

crosslinking reagents such as m-maleimidobenzoyl-N- effective concentration. The peptide mixture, or conju- 

hydroxysuccimmide ester (MBS) according to a previ- ^ thereof, coated cells or particles are then incu- 

ously published procedure (Biochemistry, 18:690-697, ^ serially diluted serum samples in the wells of 

1979). For example: to 0.32 mL. of a BSA solution (10 a 96 . wd , u^^d microplate or on a slide. After being 

mg/mL in 0.01M phosphate buffer, pH 7.0) at room « Jeft ^ rQom temperature for about an hour, or a few 

temperature is added 0.013 mL of an MBS solution minutes in thc ^ ofUtei pKti cle based microaggluti- 

(0.025 mg/mL in dunethylformamide). The amount of tf ^ Ktt]ed &ss iutination pattern on the bottom 

MBS added to the BSA solution can ^ vaned depen- rf ^ ^ QT ^ sli(Je is read; and thc 

dent on the optimal molar ra 10 of BSA to MBS deter- ^ ^ R ^ „ rccorded 

mined for a specific conjugate studied. The mixture is 30 onc-stcp^say which can be used for both 

stirred at room temperature for 1 hour after which it is Hutive ^ Section of antibodies to 

centnfuged to remove any precipitated albumin. The * . .^'L ;«-i n rti nry ™ ftr Wnfluifk - 

clarified mixture is then subjected to gel filtration on HCV m 8 P ccimens mcludlng m or b, ° nu,ds * 

Sephadex G-25 and the protein-containing fractions, as EXAMPLE 3 

SSStaS?? wSS' ** P °° !ed " d " A test kit for detecting HCV antibodies using an 
" TU S« Je aisSl^ to ftO a. 10 mg/mL. A •BBluttoa.ion assay comprises a compartment* I enclc 
pr«d«eSnlrJnlunt rfeath w^e solution* added »»" confining multiple mierowe plate, and other 
S.^!IrtC^rthn.revioii£lv »eSv«ed BSA.MBS solu- accessory materia), for an agglutination assay including 

"n^ 40 <<>>r co ;? cv ^ 

final peptide-BSA conjugates we separated from other P^cles or latex polystyrene j [»J*taSlP> ' native 

free prides by gel filtration or extensive dialysis. The contra ; and (3) an macuvated HCV positive control, 

rauorf peptide fo BSA is determined by SDS-PAGE and (4) specimen diluent The procedure described » 

according to conventional methods. Examples 3 and 4 is to be followed. 

Using the above mentioned peptide-BSA conjugation 45 EXAMPLE 6 
process, conjugated peptide IIG-BSA was absorbed to 

double aldehyde fixed human 0 erythrocytes at pH 4.0. An enzyme immunoassay based diagnostic test kit for 
The peptide-conjugate coated erythrocytes were then the detection of HCV antibodies can be constructed, 
treated with NaBH4 to prevent non-specific protein The test kit comprises a compartmented enclosure con- 
binding. The peptide^onjugate coated erythrocytes 50 taming multiple 96 well plates coated prior to use with 
were then washed with PBS and incubated with 5% the HCV peptide or peptide mixtures of the present 
normal human scruro-PBS solution. These processed invention m lOOuLpH 9.5 10 mM NaHCOj buffer. The 
cells were then used in an agglutination assay for the kit further comprises materials for enzyme detection in 
detection of HCV antibodies in both serum and plasma separate sealed containers consisting of: 1) a negative 
specimens. The specimens were diluted 1:10 in a sample 55 control; 2) an inactivated HCV positive control; 3) 
diluent buffer and an equal volume of the indicator cells specimen diluent; 4) peroxidase labeled-second anti- 
(50 uL) was mixed with the diluted specimens. The body to human IgO; and 5) a color change indicator 
agglutination pattern was settled within one hour; and consisting of, for example, orthophenylenediamine 
the assay results were read by the naked eye and further (OPD) and hydrogen peroxide in a phosphate citrate 
quantitated by an optical device (manufactured by 60 buffer. The procedure described in Examples 1 and 2 is 
Olympus Corporation) which gave a P/C ratio, as de- to be followed. 

termined by the absorbance readings of the periphery In this test kit, 96-weil plates, precoated with a pep- 

and center of the wells. In this experiment, a P/C ratio tide or peptide mixture of the present invention, can be 

of 20 was set as the assay cutoff value, i.e* a positive replaced by polystyrene beads, or multiple mini- 

agglutination pattern had a ratio of <20 and a negative 65 columns filled with controlled pore size glass beads, or 

pattern, > 20. nitrocellulose paper strip, precoated with the peptides 

A total of 20 rDNA HCV EIA rcpeatably reactive of the present invention for use as the solid phase im- 

specimens were tested for antibodies to HCV in the munosorbent. 
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EXAMPLE 7 

Immunization with Octameric HCV Peptides for the 
Elicitation of Sustaining High Titers of HCV 
Antibodies 

. In addition to the use of synthetic HCV peptides as 
immunogens for the generation of sequence related 
anti-HCV antibodies for the ultimate development of an 
epiiope-based sub unit NANBH vaccine, another ap- 
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hosts. For initial immunizations, an aliquot of 100 ug 
octameric HCV Peptide in 0.5 mL PBS is mixed with an 
equal volume of complete Freund's adjuvant and in* 
jec ted into each animal both subcutaneous! y and intra- 
dermaily over multiple sites. After two to three weeks 
of rest, an identical dosage of the same immunogen is 
given as a boost into each animal except that incomplete 
Freund's adjuvant is used. The animals are bled by heart 
puncture periodically to monitor each serum's ami- 



pS^.S.M^mwMt^ 10 HCV then. Subsequent booster shots are giv CT pcriodi- 



functional amino add lysine to form a core that serves 
as a low-molecular weight matrix carrier for peptide 
immunogens can also be applied. The Afunctional 
amino acid, Boc-Lys(Boc), is particularly suitable since 
both N-a and N-c amino groups are available as reac- 
tive ends. Thus, sequential propagation of Boc-Lys(- 
Boc) will generate 2" reactive ends. The first level cou- 
pling of Boc-Lys(Boc) will produce two reactive amino 
ends as a bivalent carrier. The sequential generations of 



EXAMPLE 8 

Relative (%) Immunorenctrvity for Synthetic Peptides 
By An Enzyme-Linked Imrounoadsorbent Assay 

Wells of 96-well plates were coated at 4* C overnight 
(or 1 hour at 37* C), with each of the additional nine 
peptides, VA, VB, VC, VD, VE (=V), VIA, VIB, 

— —- , — «. ft VIC, VTD, VIE (see Table 1 for the above mentioned 

a second and third step with Boc-Lys(Boc) will pro- 20 peptides), at 5 ug/mL at 100 uL per well in 10 mM 
duce carriers containing four(tetra-valent), and eight NaHCOjbufter, pH 9.5. Each peptide's immunoreactiv- 



(octa-valent) reactive amino ends to which peptide 
antigens are attached. 

The HCV peptides as described in this invention can 
be incorporated onto this carrier system as illustrated 
below for the development of sustaining high titer HCV 
antibodies in mammals, including humans. 
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HCV peptide 

K 

/ V 

HCV peptide \ 

I" 

HCV peptide ^ y 
K 

/ 

HCV peptide ' 



HCV peptide ^ 

HCV peptide \ 
HCV peptide^ f 




HCV peptide 



/ 



ity was measured as previously described in Example 1. 
Results obtained for the 10 peptides in the V and VI 
scries are shown in Table 1 According to the E1A 
absorbance readings at 492nm (y axis) and the amino 
acid sequences for each of the corresponding HCV 
peptides (x axis), representative imraun ©reactivity pro- 
files are plotted for four of the eight sera on the 10 
peptides in the V and VI series, together with the first 
twenty peptides in the I, II and III series, as shown in 
FIGS. 1-1 to 1-4. Relative (%) immunoreactivity index 
for each of the additional 10 peptides is likewise calcu- 
lated using peptide IIID as a reference. Additional clus- 
ters of residues, such as ASRQA and EV1AP, that are 
identified with these 10 peptides, were found to contrib- 
ute additionally to the overall HCV antibody reactivity. 

In summary, epitope mapping analysis conducted 
with a series of overlapping peptides reveals a varying 
^ degree of immunoreactivities between different HCV 
antibody positive samples and these HCV peptides. 
Based on the above-mentioned epitope mapping study, 
a third representative EIA using peptides IIF, HID and 
V as the solid phase antigen was also configurated for 
45 testing as shown in Example 9 in comparison to that 
using peptide IIF and IIID. 
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Octameric HCV peptides of the present invention 
(Table 1) using the solid phase method of Merrifield are 
synthesized by an automated peptide synthesizer, either 50 
Applied Biosystems (ABI) Model 430A, or Biosearch 
Model 9500. 

Both acid-labile tert-butyloxycarbonyl (t-Boc) and 
acid-stable groups are used for the protection of N-a 



EXAMPLE 9 

Detection of Antibodies to HCV in Serial Samples by 
Enzyme-Linked Immunosorbent Assays 

(a) A coded panel consisting of 24 samples derived 
from a case of transfusion transmitted NANBH were 
tested in two types of ELAs using plates coated with 
either a mixture of IIF and IIID at 5, 5 ug/mL or a 



amino acid and the functional side chains of the amino 55 mixture of IIF, HID and V at 5,5,5 ug/mL. The panel 



acids during the synthesis, respectively. The octameric 
peptides are synthesized by coupling onto a synthetic 
oc tamer resin. 

An octamer resin is prepared by coupling di-t-Boc 
Lys onto 0.14 mmol/g MBHA (4-Methyl benzhydryla- 
mine) resin. (Biosearch 9500 is used for this preparation 
due to its flexibility in scale). Di-Boc Lys single cou- 
pling is followed by two capping reactions (e.g. 0.3M 
Acetylimidazole in DMF dimethylformamide). The 
substitution level of synthetic octamer resin is deter- 
mined by Ninhydrin Test 

Duncan Hartly random bred female guinea pigs (two 
per immunogen), weighing 400-500 gras, are used as the 



was provided by Dr. H. Alter of NIH and the results 
were decoded by his laboratory. 

As shown in FIG. 7-1, the two anti-HCV profiles, as 
tested by two formats, using Peptides IIF/IIID/V 
60 coated plate (Curve A) and Peptides IIF/IIID coated 
plate (curve B) respectively, spanning a ten year period 
revealed an interesting contrast. 

According to the record, the seronegative patient 
received HCV contaminated blood units on Aug. 20, 
65 1980, As a result of the transfusion, a trace amount of 
passive HCV antibodies was detected in the recipient's 
serum by format A Active development of HCV anti- 
bodies by the recipient became detectable by both for- 
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mats from November 14th on (about three months after described in Example 2. Four representative reactive 

the initial transfusion). The HCV antibodies, developed samples including two weakly reactives and two 

as a result of HCV infection through blood transfusion, strongly reactives were tested. One of the strong reac- 

persisted throughout the next ten years. Higher anti- tives was further diluted at 1:10 in the specimen diluent 

bod* signals were detected by plates coated with an 3 prior to neutralization testing. As shown in FIG. 9 and 

extra peptide V (curve A) in sera collected four months Table 4, a dose dependent inhibition [or neutralization] 

after the transfusion. It appears that the epitope pres- of HCV EIA was observed with peptide Iv, When 

ented by peptide V, representing a neighboring im- compared with the controls, a significant inhibition was 

munodominant region, elicits abundant HCV antibodies obtained with all four specimens even at a concentra- 

at a slightly later stage than the epitopes represented by 10 Uon of 50 ug/mL peptide IV. 

peptides 11F and HID. FY AMPLE 12 

(b) Serial samples from one representative case of a 

hemodialysis patient with NANBH were provided by Detection of Antibodies to HCV in Hemodialysis 

Dr. Cladd Stevens of New York Blood Center. N.Y., patients by EIA 

N.Y., and tested on plates coated with a mixture of . consisting of 74 samples from a group 

three peptides, ^^^^^^ of 3* patients 2 tested in two tvpesofElA^ 

shown in FIG. 7-2. The results show that the pepude D ] at es coated with a mixture of HCV peptides IIH 

based EIA detects samples about two ^ ** ^ VaMoTu^mTor a recombinant HCV protein 

onset of the acute phase of the disease as evidenced by ^ £^ ^ ^ provided by invctigaton at 

/ x c C °JL u ~~„t*tiv* rKimnnnrw ' the Japanese National Institute of Health and the results 

mixture of IIIF/IID/V peptides. ThUchimp«iuee was protein based EU by the sen provider, 
inoculated on day 0 withTwell-charactertod strain of y A. » ™- »<•• « g« «» - 

NANBHV. Following the acute phase of infection as * routogs for the peptide teed ^ HCV HA andtt* rre- 
evidenced by the rise of the ALT levek, antibodies to combinant HCV proteu. based HCV EIA reveal I a 
HCV were detected about 60 days after inoculation high correlaoon between these two assays. (A cutoff 
Jj^ G 7 « value of 0.2 and 0.4 was obtained based on the corre- 

sponding assay design.) These 74 specimens obtained 
EXAMPLE 10 30 f ronl t h e hemodialysis patients who are highly suscepti- 

Screening of Low Risk Random Blood Donors With hie to HCV infection were grouped into four categories 
the Peptide Based HCV EIA based on their respective reactivities with these two 

.. . . . vl ... . „ types of EIAs. The upper right block indicates samples 

2035 donor *ecimens obtamed m a blood bank set- ^ po-*T*» both assays, and the lower 

'5 g mn by , ^Tm^SSSL Z Ieft Mock indicaETsamples that are scored negative by 
udes HF. HID and V at 5 ug/mL each followtng the None of , he 74 high risk samples were 

^'""VtrTi^ d« XtSJSSM foSdpSuivebyU.erecombinanfb^edEUandnega. 

reactive specimens are repeatably reactive mdicating a [TTlv i^«tino th«t th* rv*tid e hn*-d HCV EIA is 

the low risk random blood donor specimens, all volun- « P at * ms at hl « n nsks for HCV mfect,on ' 

leers, is lower than that obtained from the commercial EXAMPLE 13 

paid donor population (See Example 2). Detection Of Anti-HCV Activity In Rare Specimens 

EXAMPLE 1 1 With An Elevated ALT Level 

Synthetic Peptide Based HCV Neutralization EIA As a 50 These results are representative of the acute phase of 
Confirmatory Test HCV infection by synthetic peptides of Peptide VII 

Wells of 9^well plates were coated at 4' C. overnight series, «>vermg a region near the C^erminus of the 
(or for 1 hour at 37' C) with a mixture of two peptides HCV protein C-J00. and Peptide IIH from the mv 
HF and HID at 5 ug/mL each in 100 uL 10 mM NaH- 55 niunodoniinant region. 

COj buffer pH 9.5. Repeatably reactive specimens pre- Wells or 96-well plates were coated at J»C fcr I 
viously screened out by the direct HCV EIA were hour with each of the six peptides VILA, VHB, VUC, 
teeuUteo^ dther a Ltrol specimen dUuent buffer VIID, IIG and IIH, at5 ug/mL at 100 uL per well m 10 
fi e., PBS containing 20% by Volume normal goat mM NaHCOj buffer, pH 9.5, Each peptide s immunore- 
terum, 1% by weight gelatin and 0.05% by volume 60 ■ctrvity with the respective specimen was measured as 
Tween 20) at a dUution of 1 :20 volume to volume, or previously described in Example 1. As shown in Table 
with the same specimen diluent buffer containing vary: 5, weak immunoreactivity was obtained with Bp^jmen 
ing amounts of a HCV peptide analogue IV (see Table 3 for peptides VT1C and VIID, but not VELA and VIIB, 
1 for its amino acid sequence) and allowed to react for Moderate immunoreactivity was obtained with speci- 
an hour at 37\ 65 men NAB-2-2 for peptide IIH, but not IIG. Both speci- 

200 uL of the peptide IV neutralized specimens were mens were found to have high ALT level and are repre- 
then added to each of the wells and allowed to react for sentative of specimens from patients with acute phase of 
15 minutes at 37\ followed by the EIA procedure as HCV infection. 
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TABLE 4 __ 



Pcpiide Baaed HCV Nemntizatioa ElA 
As A Confimatofy Ten 

Peptide IV Concemmion 



Spcclnvcni 


400 uc/mL 


ZOOun/mL 


100 UR/mL 


SO UR/mL 


Control 


ID Dilution 


mA 


'9M 


mA 


* I 


mA 


%l 


mA 


9b I 


mA 


A 1:1 


590 


72.0 


1129 


46.5 


1066 


49.5 


1363 


33.4 


2111 


1:10 
B 1:1 


244 


86.1 


323 


BUS 


409 


76.7 


510 


71.0 


1762 


161 


92.0 


209 


89.6 


321 


84.] 


523 


74.1 


2021 


C M 


117 


tSJQ 


162 ' 


W.7 


155 


B3.4 


133 


85.6 


1064 
266 


D 1:1 


27 


89.6 


23 


91.3 


38 


85.7 


34 


87.2 



% INHIBITION - B*feggjfejjy 



CI- 



TABLE? 



A492 nm 

Specimen No- 



Codr Amino Acid Sequence 



IIH SO.KPAX1, FDREV. LYREF, DEM EE, CSQHL, PYIEQ, GMMLA, EQFKQ, KALGL 1 J3«+) 

I1G II PDREV LYREF! DEMEE, CSQHL, PYIEQ, GMMLA EQFKQ, KALGL 0.0I3C-) 

VIIA AVQWM, NRLIA, FASRO, NHVSP 0.109 

VIIB RHV, GPGEG. AVQWM. NRLIA. FASRO. NHVSP 0.224 

V11C V. VCAAI. LRRHV, GPGEG. AVQWM, NRUA. FASRO. NHVSP a674 

VIID PGA. LWGV. VCAAL LRRHV, GPGEG, AVQWM. NRLIA. FASRG. NHVSP 0-638 



EXAMPLE 14 25 

Measurement Of Relative (%) Imraunoreactivity For 
Synthetic Peptide Covering An Immunodominant elude some discontinuous linear epitopes and conforma- 

Region Of The Postulated HCV Core Protein By An tional epitopes, requiring a longer size peptide to confer 
Enzyme-Linked Immunosorbent Assay 30 the best iramunoreactivity for diagnostic purposes. 

„,„ en . „ : ^..iT^M In summary, epitope mapping. analysis conducted 

VAoT9^ita^i«t^il4 Ciivbb^ withaseriesofteipei^coveringanimmunodomi. 

IXB, K^^» Md / ^7^<f cT «^£^ , «? „ Table 7 and FIGS. 1M and 11-2, reveals varying de- 
£ fiSS? £ 5 U ^?< ™ " & l t ? J grees of immunoreactivity between different HCV anti- 

NaHC03 buffer, pH 9.5. The rest of the plate coating ^ ^ scnjm te wd ^ogue HCV Pep- 

and enzyme inimunoassay procedures were performed ' ym ^ IX ^ ^ case h ^ found 

exactly as desenbed m Example 1 . . preferably to have synthetic peptides with longer amino 

Results obtained from this study are shown m FIGS. ^ J ^ f ^ 2Q to optimal i y prescnt 
11-1 and 11-2. Accordmg to the EIA absorbance read- 40 * de \ennmant S to HCV antibodies, 

ings at 492 nm(y axis) land the ammo acid sequences for * ebove-mentioned epitope mapping 

each of the corresponding HCV peptides (x axis), repre- EIAs using Peptides 

sentative immunoreactivity profiles are plotted for four * LXD, both derived from the HCV core region 

of the eight panel sera as shown in FIGS. 11-1 and 11-2. wilh ^ UH an(J v from the 

Relative (%) immunoreactivity uidex for «ch oJthe 10 45 ^ nonstrtictura j reg i 0 n were configurated for the 

peptides (Table 7) is calculated against Peptide IIID followi dcscr ibed in Examples 15, 16, 17 and 

(See Table 1), the one with the highest absorbance read- louowing srooics acwn«a w « P 
ing, based on the total absorbance of eight sera at 492 

nro (See Tables 1 and 2 for examples of calculation) EXAMPLE 15 

FIGS. 11-1 and 11-2 show the amino acid sequences of 50 DctftCtion Qf To H CV By Peptide Based 

the immunodominant region according to data obtained Enzyme . Lbked immunosorbent Assay Using Format 

for immunoreactivity study. For example, serum sample * Q Formz{ D Format A 

1 reacted strongly (ODs between 1.5 and 3.5) with 

peptides VII1A and IXA, which are the smallest size in The following four groups of specimens: 

the 20 mer range in the corresponding peptide series 55 (a) individuals with AIDS, ARC(n=63); 

Further addition of amino acids at the N-tenninal end (b) individuals positive for HBsAg, (n=50); 

did not significantly enhance the immunoreactivity of (c) individuals positive for antibodies to HBc protein, 

these analogue peptide (see FIGS. 11-1 and 11-2 for (n*=22); and 

sample j). (d) individuals with elevated (>100 i.uTL) alanine 

However, other serum samples such as #3 and #4 60 aminotransferase (ALT) enzyme activity, (n=86). 
reacted much stronger with peptides VHIB, VIIIC were analyzed on representative HCV peptide based 
respectively and with an increasing immunoreactivity EIAs according to the present invention, with the plates 
with the analogue peptides in the IX series (see FIGS. coated either with (i) peptides IIH and V at 5 and 3 
1M and 11-2, samples #3 and 04). Further, serum ug/mL each (Format A), (ii) peptides IIH, V and VIIIE 
sample 2 reacted marginally with peptides in the corre- 65 at 5, 3 and 2 ug/mL each (Format C, containing both 
spending VIII and IX series, these reactivity profiles the HCV core and nonstructural peptides) or (i") Pep- 
indicate a more complicated epitope distribution along tides VIIIE and IXD at 2 and 2 ug/mL each (Format 
the postulated HCV core protein region and may in- D, HCV core peptides only). 
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Results obtained from the screening of a total of 22 1 coated plate (Curve A); Peptides IIF/HID coated plate 

well-characterized clinical specimens previously cate- (Curve B); and peptides HH, v and VIIIE coated plate 

gorized into four groups, from (a) to (d) using a repre- (Curve C) respectively, with sera spanning a ten year 

sentative lot of peptide coated plates ElAs formatted as period revealed an interesting contrast. 

A, C or D were plotted on histograms as shown in 5 As a result of the transfusion, a trace amount of pas- 

FIGS. 12-1, 12-2 and 12-3. nve HCV antibodies was detected in the recipient's 

Out of a total of 63 AIDS/ARC patient samples ana- Dy both format A, and C Active development of 

lyzed, 46.0%, 55.6% and 50.8% of the patients were HCV antibodies by the recipient became detectable by 

found to be HCV antibodies positive using ElA formats ^ ^ f onn ats from November Uth on (about three 

A, C and D respectively. Out of 50 HBsAg positive l0 mon ^ after the initial transfusion), with format C hav- 

individuals, 36.0%, 42.0% and 36% of the individuals . ^ w he$t s/cutof r ra tio on that bleed date. This 

were found to also be HCV antibodies positive urag g» f hef Mnfirm5 the improved sensitivity ob- 

EIA formats A, C and D respectively Out of 22 HB£ ™ J H CV ElA format C 

antibody positive individuals ,27.3%, 22.7%. and 8.2% * ^ froffl represcntativc chimpanzee 

were found to be HCV antibodies posttive as detected , 5 W ~™ ™ P HCV £IA f ^ c fa co^^ t0 

Sb^HCV^ <WJ***TT^ 

C and D. The overall signalto noise ratio distribution well-charactenzed strain of NANBHV .Fctangte 
for the HCV positive samples were found to be higher w acute phase of mfection as evidenced by ^ rise of the 
with Formats C and D which included a peptide (VI- 20 ALT levels, ^^^^^S^^^ 
HE) from the HCV core region than Format A which days after inoculation (FIG. 14-2). HCV E A Format C 
only employed peptides from the HCV nonstructural was able to detect HCV antibodies about 40 days early 
region as the solid phase antigen. than the rDNA based RIA. A higher signal to cutoff 

Except for one HBc antibody sample where the re- 25 ratio was obtained with HCV EIA Format C than the 
suhs is borderline positive (S/cutofT ratio - 1 .0) with the rDNA RIA. 

HCV EIA Format A, Format C incorporating peptides ( c ) Serial samples from three well-characterized rep- 
(HH, V and VIIIE) from both the HCV structural resentative HCV seroconversion panels, collected by 
(core) and nonstructural regions was the most sensitive. Serologic Inc., were tested by HCV EIA formats A, C 
The significant improvement in sensitivity makes For- ^ m ^ M defined in Example 15 in addition to that 
mat C an ideal candidate for a HCV antibody screening previously tested with rDNA HCV C-100 based EIA. 
assay. As shown in Table 8, both HCV EIA formats C and D 

EXAMPLE 16 wcrc ablc 10 identif y HCV "tibody positive specimens 

in two out of three panels by four to eight weeks earlier 
Comparison Of Test Results Using The Three Peptide 35 ^ the rDNA HCV-100 based EIA and HCV EIA 
Based HCV EIA Formats (A,C And D) On Low Risk p ormat ^ This further demonstrated the sensitivity of 
Random Blood Donors ^ HCV which incorporate peptides derived 

Representative 264 donor specimens obtained in a from the HCV structural (core) protein region, 
blood bank setting were tested by all three EIA formats. CYAUPT e, s 

The results are shown in FIGS. 13-1 to 13-6. The 40 EXAMrXfc 18 

frequency distributions of the peptide based HCV-EIA Detection Of Antibodies To HCV In Hemodialysis 
signal to cutofT ratios suggested an initial reactive rate Patients By Various Forms Of HCV EIAs 

of 1.13%, 3.0% and 3.0% with formats A, C and D consisting of 74 samples from a group 

respectively. The negative samples have a relative low ' ^ was tested £ y thre e types of 

S rLtt; rTte \ S^dT?% were *"d two using plates coated with either a mixture of 

So ^rmaTAC 1 aiidD HCV peptides IIH .and V at 10 ^5 ^^ely 

the sera identified as positives, there were four sped- Forma t A), or ™) 
mens which reacted strongly with both Format, C and 50 Y? IIE **• 3 « d l^^^S^l t^^nlse 
D but were identified as negatives by Format A. Tms . The panel was provided by investigators at the Japanese 
McateX Shy of fall negative results when an National Institute of Health. Results were decoded and 
HCV antibody detection assay does not include epi- compared to the recombinant HCV protein based ElA 
topes from the structural protein region. by the sera provider. 

55 As shown in FIG. 15-1, an x-y plot of the A492 nm 
EXAMPLE 1 7 readings for the peptide based HCV EIA Format C and 

Detection Of Antibodies To HCV In the recombinant HCV protein based HCV EIA re- 

Well-Characterized Serial Samples By Various vealed an increased sensitivity with the peptide based 

Enzyme-Linked Immunosorbent Assays HCV EIA format C when compared to the rDNA 

(a) A coded panel consisting of 24 samples derived 60 HCV ^100 protein based HC^EIA. (A cutofT^^^ 
f«S2 1 c£ of Shta transmitted NANBH were 0.2 and 0.4 ^^^J^^^^} 
tested in three HCV EIA formats (A, B and C) to deter- design) THese 74 specimen^ obln 

mine the respective sensitivity of the fonnats in detect- « patients who are highly »«P*1' t£ « CV 
ing seroconvmion. The panel was provided by Dr. H. were grouped into four "tegones based loir their _re- 
Alter of NIH and the results were decoded by his labo- 65 spective reactivities with these two Wf"*™**™. 
ratory upper right block indicates samples that were scored 

As shown in FIG. 14-1, the three anti-HCV profiles, positive by both assays, and the lower left block indi- 
as tested by three fonnats using peptides IIF/IIID/V cates samples that were scored negative by both assays. 
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None of the 74 high risk samples were found positive by 
the recombinant based EIA and negative by the peptide 
based EIA as shown in the upper left block; whereas 
"eleven" of these 74 high risk samples scored positive 
by the peptide based EIA Format C and negative by the 
recombinant based EIA as shown in the lower right 
block. 

An increase in sensitivity was obtained for the pep- 
tide based HCV EIA Format C (incorporating a HCV 



marked specimens, most showed an increased level of 
GOT/GPT and were associated with frequent episodes 
of elevated GPT previously. All eleven specimens 
scored negative by the rDNA HCV C-100 based EIA. 
However, these same samples reacted strongly (with 
O.D.~ 1.5) in the peptide based HCV EIA Format C 
Since peptide VIII(= VUIE) was synthesized accord- 
ing to amino acid sequences selected from the con- 
served structural (core) protein region, its inclusion in 



core peptide) when compared to HCV EIA Format A, 10 the peptide based HCV EIA (such as format C.t will be 



which in turn showed an improved sensitivity com- 
pared with the recombinant HCV C-100 protein based 
EIA (see Example 12, FIG. 10). 

To further document the validity of such a sensitivity 
comparison, other clinical data obtained for each of the 15 
dialysis patient specimens were tabulated along with the 
corresponding EIA ratios (Table 9). Among the eleven 



particularly suitable when testing spe ci me ns from geo- 
graphically distinct regions where a higher chance of 
strain-to-strain variation among the HCV isolates may 
be encountered. 

It is to be understood that the above examples are 
illustrative of the present invention and are not meant to 
limit the scope thereof. 

TABLE 8 



Testing of Various Formats of HCV HA. with Three Wcn-Oiaracterixed Seroconversion Panels 

EIA Ratio 













HCV EIA 


HCV EIA 


HCV EIA 






ALT 


AST 


rDNA HCV 


Format A 


Format C 


Format D 


Pine] °# 


Bleed Date 


I.U./L 


I.U./L 


c-100 


(Df) 


(core + ns) 


(core) 


Panel 1 02I90D 


880809 


400 


" NA 


0.03 


0.093 


0.108 


O205 




880316 


32.0 


NA 


O04 


-0.014 


O045 


0129 




880823 


32.0 


NA 


O06 


-0.050 


O025 


0.072 




880830* 


180.0 


121.0 


004 


-O050 


1.037* 


1.096* 




880928 


401.0 


332.0 


0.19 


0.100 


7.193 


7.703 




88 I 109* 


NA 


NA 


6.57* 


16700* 


10.185 


7.281 




881122 


NA 


NA 


6.57 


16.671 


9.770 


9.321 


Panel 2 002MB 


880819 


39.0 


NA 


00 


O014 


-0.058 


-0.008 




880825 


274 .0 


310.0 


0.0 


0443 


0O5S 


O108 




880829 


346.0 


270.0 


00 


O029 


0128 


0.185 




880914 


117S.0 


722.7 


6.5* 


4057 


7.835* 


5.984* 




881005 


429.7 


1713 


6.5 


5.857 


7.8 11 


5.851 


PtneU 20830D 


8B0829 


63.0 


65.0 


O04 


-0.043 


OUS 


0181 




88O90I* 


81.0 


NA 


004 


0043 


1.607* 


1.108* 




880908 


183.0 


174.0 


O02 


-0043 


2.506 


3.116 




880928* 


563.0 


555.0 


6.57* 


3.800 


9.827 


9.659 




881026 


436.0 


151.0 


6.57 


13.786 


10.630 


10.S66 



TABLE 9 



HCV Poshivtty in Serum Specimens 
Obtained from Japanese Dialysis Patients 





rDNA 
based 


Peptide 
based 


Peptide 
based 










HCA 


HCV EIA 


HCV EIA 






during 




EIA OD 


Format A 


Format C 






1986-1988 




Cutoff ■> 


Cutoff 


Cutoff ■» 




GOT/GPT 


when GPT 


Code No. 


O40 


O205 


O204 


HBsAb 


Oct., 89 


>25 l.U./L 


24 


O038 


-O001 


0005 




2/3 


0 


25 


0042 


0.005 


O007 




9/9 


0 


. 26 


OI05 


—O001 


-O003 




4/4 


0 


27 


1.837 


1.469 


1312 




3/6 


2 


26 


1.797 


1.637 


1398 




20/21 


2 


29* 


O011 


0.001 


1.603 




7/4 


0 


30 


0994 


0374 


1213 




11/9 


0 


31 


1.823 


0.425 


0874 




27/16 


4 


32 


0770 


0372 


O500 


+ 


17/7 


9 


33 


1,712 


2.101 


1234 




28/32 


29 


34 


0.002 


-0.003 


0.007 




11/14 


0 


35* 


0O26 


0.161 


1229 


+ 


14/25 


23 


36* 


O065 


0.018 


1286 




20/1 B 




37 


O021 


0.000 


0.011 


+ 


16/11 


1 


38 


2.347 


1.917 


1182 


+ 


26/23 


6 


39 


O008 


-0007 


O004 




7/6 


0 


40 


0O26 


0.006 


-0.002 




10/8 


0 


4l« 


0.061 


OllB 


1.933 


+ 


9/6 




42 


2.481 


1144 


1211 




13/19 


2 


43 


aces 


-O005 


-0.005 


+ 


11/7 




44 


0J009 


-O004 


-0.005 




4/4 


0 


45 


0.009 


0.000 


-0003 




7/2 


0 


46 


2.177 


1.990 


1121 




16/12 


8 


47 


0023 


OX3 


0.015 




7/3 


0 


48 


O025 


-O003 


0.002 


+ 


18/11 






TABLE 9-continued 



HCV Potitivity in Serum Specimen! 
Obulnrd from Japanese Dialy>i« Patient! 





rDNA 


Peptide 


Peptide 






n: times 




besed 


Used 


baaed 








HCA 


HCV ElA 


HCV ElA 






during 




E1A OD 


Formal A 


Formal C 






1986-1981 




Cutoff " 


Cutoff D 


Cutoff 13 




GOT/GPT 


when GF 


Code No. 


0.40 


O203 


0.204 


HBsAb 


Oct, 89 


>25i.uy 


49 


0.025 


-0.001 


-0.006 




9/3 


0 


50 


0.026 


0.024 


-0X03 




9/3 




51 


0.018 


-0.003 


—0,007 


4 


11/3 




32* 


0.011 


-0-003 


1.366 


— 


33/52 


29 


53 


2,231 


1.296 


2.218 




8/7 


0 


54 


0.030 


0.017 


0.040 




10/7 


0 


35 


0.020 


—0.007 


0.017 


4 


14/8 




36 


0.033 


-0.00* 


0.000 




9/3 


0 


37 


1.396 


0.718 


2.121 


~" 


17/11 


1 


58 


0.045 


0.013 


— O003 




13/12 




59 


0.014 


0.068 


O05 6 




10/7 


0 


60 


0.009 


0.014 


O056 


4 


13/0 


10 


61 


2.007 


2 J 14 


2.235 


4 


12/9 




62 


0.171 


0.001 


0.003 




11/7 


0 


63 


1.121 


0.329 


2.383 


4 


IB/10 




64 


0.113 


0.066 


0.002 




' 4/3 


0 


65 


0.032 


0.003 


-0.003 


+ 


7/5 


3 


66 


0.03S 


-CXI 


-0.002 


4 


11/6 




67* 


0.049 


0.037 


2.119 




16/11 




68* 


0.177 


0.638 


2.000 


4 


24/25 


33 


69 


0.027 


0.007 


-O007 




6/3 


0 


70 


0.031 


-0.006 


-0.001 




16/9 


0 


71 


0.781 


0.473 


2.151 


4 


13/8 


14 


72 


0.110 


0.002 


0.059 




13/B 


0 


73 


0.043 


-0.002 


-0.007 


— 


2/3 


0 


74 


0.014 


0.001 


-0004 




2/3 


0 


75 


0.053 


0.000 


0.019 


4 


15/8 




76 


0.060 


0.015 


O018 




14/7 


0 


77 • 


0.011 


0.001 


-0.004 




8/8 




78 


0.042 


0.002 


0.023 




3/0 


0 


79 


0537 


0219 


1.742 


4 


11/7 




80 


2.615 


1.713 


2.428 


4 


' 18/16 


12 


81 


2.509 


2.265 


2.294 




9/4 




82 


0.019 


0.000 


0.120 




n/5 


0 


83 


0,511 


1.928 


2.229 




19/11 


5 


84 


0.020 


0.0t6 


0.095 




12/9 




85 


0.013 


-O003 


0.116 




10/7 


0 


86 


0.003 


-0.005 


-0.006 




19/3 




87 


0.031 


-0.009 


0.009 




10/6 


0 


88 


0.039 


0.0)9 


0.004 




6/2 


0 


89* 


0.273 


0.223 


2.053 




10/8 


8 


90 


0045 


0.026 


-0.002 




7/3 


3 


91 


0.018 


0.003 


-0.002 




5/8 


0 


92 


1.974 


1.127 


2.189 


4 


11/23 


22 


93 


0.893 


1.113" 


2.226 




24/19 


5 


94» 


0.267 


0.353 


2.029 




18/12 


1 


95 


0.026 


-0.010 


0.000 




34/73 


0 


96* 


0.021 


0.002 


1.599 




13/30 


27 


97- 


0.246 


0.037 


1.779 




15/9 


0 


98 


2.412 


1.904 


2.236 




3/9 





We claim: 

1. A peptide composition comprising a peptide se- 
lected from the group consisting of Peptide I, III to IX, 
each peptide with an amino acid sequence as follows: J5 

Glu— Glu— Cys— Ser— Gin— His— Leu— Pro— Tyr— lie— (i) 

GJu— Gln-Gly— Met-Mel— Leu— All— Glu— Gin— 

Phe— Lys— Gln-Lys— All— Leu— Gly— Leu— Leu— Gin— 

Thx— Ala-Ser-Arg— Gln-Ala-Glu-Val-Ile— Ala— 

Pro— X 60 

(Peptide I) 

Cys_VaJ~Val-IIe-Val-Gly-Arg-Val-Val--Leu- fa) 

Ser — Gly —Lys— Pro— Alt— lie— He— Pro— Asp— Arg — 

Glu— Val— Leu— Tyr— Arg— Glu— Phe— Aip— Glu— 

Met— Glu— Glu— Cys— Ser— Gin— His— Leu— Pro— Tyr— £5 

Ile-X 

(Peptide in) 

Ser— Gly— Lys— Pro— AU— lie— lie— Pro— Aip— Arg— (in) 



-continued 

Glu— VaJ— Leu— Tyr— Arg— Glu— Phe— Aid— Glu— 



lie— Glu-Gln— Gly-Met— Met— Leu— Ala— Glu-Gln- 

Phe-X 

(Peptide IV) 

Lyi — Gin— Lys— AU — Leu— Gly— Leu— Leu — Gin— Thr— 
Ale-Ser—Arg-Gln— Ala— Glu— VaJ— He-Ala— Pro- 
Ala— Vd— Gin— Thr— Asn—Trp— Gin— Ly»— Leu— Glu— 
Thr— Phe— Trp— Ala— Lys— His— Met— Tip— Asn— 
Phe— X 
(Peptide V) 

Glu— Gin— Gly— Mcl—Mei— Leu— All— Glu— Gin— 
Phe— Lys— Gin— Ly*— Ala— Leu— Gly— Leu— Lett— Gin— 
Thr— Ali-Ser— Arg— Gin— AU-Glu—Vil— lie— All- 
Pro— Ala— Vtl— Gin— Thr— Aw— Trp— Gin— Lys— Leu— 
Glu-Thr-X 
(Peptide VI) 



(iv) 



(v) 
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•continued 

Pro — Gly — Al*— Leu — Vil— Vtl — Gly—Val— Vii— Cys— 
Ala — Al»— He — Leu— Arg— Arg— His— Vi) — Gly— Pro— 
Gly-Olo-Gry— Ale— Vil^to— Trp— Met— Asn— 
Arj— Leo— He— All— Phe— AU— Ser— Arg— Gly— Asn— 
His— VaJ-Ser.-Pro—X 
(Peptide VII) 

Scr— Tto— lie— Pro— Lys— Pro— Gin— Arg— Lys— Thr— 
Ly^Arg— Asn— Thr— Asn— Arg— Arg— Pro— Gin— 
A»p— Vtl— Ly*— Phe— Pro— Gly— Gly— Gly— Gin— fie— 
Vil— Gly— Gly— Vil— TyT— Lev— Leu— Pro— Arg— 
Arg—Gly— Pro— Arg— Leo— G)y— Vti— Arg— Al»— 
Thr— A _ ~ • - " ~ " ~ 

Arg— Gly— Arg— Arg— X 
(Peptide VD I) 



Gly— Arg— Arg— Gin— Pro— lie— Pro— Lys—Vil— Arg— 
Arg— Pro— Glu-^Oly— Arg— Tyr— Trp— Ala— Gin— Pro— 
Gly— Tyr— Pro— Trp— Pro— Leu— Thr— Gly— Aso— Glu— 
Gly— Cys— Gly— Trp— AU— Gly— Trp— Lea— Leo— Ser— 
Pro — Arg— Gl y— Ser— Arg— Pro— Ser— Trp— Gl y— Pro— 
Thr— Asp— Pro— Arg— Arg— Arg— Ser— Arg— Asn— 
Leo-Gly-X 
(Peptide IX) 

wherein X is —OH or — NH2; and 
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-continued 



(vi) 



(i0 



Asp— Olo— Met— Gru— Oru— Cy»— Ser— Gin— His— Leu— Pro— 
3 Tyr— lie— Olo— Glo-Oly-Met— Met— Leu— AU— Glu— OJn— 



(Peptide I1D) 



(vii) 



Uu—TyT— Arg— Glu— Phe— Asp— Glu— Met— Glu— Glu— 



(viii) 



Met— Mel— Uu—Als— Olu— Gin— Phe—Lys— Gin— Lys— Ala- 
Leu— Gly— Leu— X; 

(Peptide HE) 

f«v) 

|c Pro— Asp— Arg— Glu— Vil— Leu— Tyr— Arg— Glu— Phe— Asp— 

lie— Glu— Gin— Oly— Met— Met-Leu— Ali-Glu— Gin— Phe— 
Lys — Gin— Ly»— AJb— Leu — Oly— Leu— X; 

(Peptide HF) 

20 wherein X is —OH or — NHj and an analogue of each 
of the above peptides having an amino acid sequence 
derived from a strain/isolate of HCV in 8 region corre- 
sponding to the peptide and having specific immunore- 
activity to antibodies to HCV relative to the peptide 



(ix) a. an analogue of each of the above peptides hav- 15 that is substantially preserved. 



4. A peptide composition according to claim 1 
wherein the peptide comprises a segment of Peptide III 
and has an ammo acid sequence selected from the group 
consisting of: 



ne-Ile— Pro— Asp— Arg— Glu-Vel-Lcu— TyT-Arg— Glu— 
Phe— Asp— Glu— Met— Glu— Glu— Cys— Ser— Gin— His— Leu— 
Pro-Tyr-Ile— X; 

(Peptide HJC) 



Sct— Gly— Lys— Pro— All— fie— He— Pro— Aip— Arg— Glu— 
Val— Leu— Tyr— Arg— Glu— Phe— Aip— Glu— Met— Glu— 
Glu— Cys— Ser— Gin— His— Leu— Pro— Tyr— He— X; 

(Peptide HID) 



ing an amino add sequence derived from a strain- 
/Isolate of HCV in a region corresponding to the 
peptide and having specific immunoreactivity to 
antibodies to HCV relative to the peptide that is 
substantially preserved; 30 
b. a segment of each of the above peptides or ana- (j) 
logue. thereof having specific immunoreactivity to 
antibodies to HCV relative to the peptide of at least 
17.8% up to 101%; 
c a mixture of the above peptides or analogues of the 35 
peptides; 

d. a conjugate of each of the peptides with carrier 
proteins, the conjugate having specific immunore- 
activity to antibodies to HCV relative to the pep- 
tide of at least 17.8% up to 101%; and 40 

e. a polymer of each of the peptides comprising a Cui) 
branching dimer, tetramer, or octomer of the pep- Gry-Arg—Vei—Val— Leu— Ser— Gly— Ly»— Pro— Ala— lie- 
tide on a mono, tri, or hepta lysine core respec- lie— Pro— Asp— Arg— Gio— Vii— Leu— Tyr— Arg— Giu-Phe— 

tivcly Aip-Glu-Met-Glu-Glu-Cys-Sex— Oto-His- Leu-Pro- . 

2. A peptide composition comprising Peptide II hav- 45 Tyr ~ (Peptide HIE) 
ing an amino acid sequence as follows: 

wherein X is —OH or — NHj and an analogue of each 
<") of the above peptides having an amino acid sequence 
50 derived from a strain/isolate of HCV in a region corre- 
sponding to the peptide and having specific immunore- 
activity to antibodies to HCV relative to the peptide 
that is substantially preserved. 
. .... 5. A peptide composition according to claim 4 

and an analogue thereof having an ammo actd sequence J5 whercin tne peptide has ^ amino acid sequence as 
derived from a strain/isolate of HCV in a region corre- f o u 0W5: 
spending to said peptide and having specific immunore- 
activity to HCV relative to said peptide that is substan- 
tially preserved. 

3. A peptide composition according to claim 2 
wherein the peptide comprises a segment of Peptide II 
and has an amino acid sequence selected from the group 
consisting of: 



Ser— Gl y— Lys— Pro— Ale— He— lie — Pro— Asp— Axg— 
Glu— Vil— Uu—TyT— Arg— Glu— Phe— Asp— Glo— Met — 
Glu— Glu— Cy>— Ser— Gin— His— Leu— Pro— Tyr— lie— 
Glu — Gin — Gly— Met— Met— Leu— AU — Glo— Gin — Phe— 
Lys— Gto—Lys— Ali-Leu— Gly— Leu-X 

(Peptide II) 
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Ser— Gly— Lys— Pro— All— Ik— lie— Pro— Asp— Arg— Glu— 
Vil— Leo— Tyr— Arg— Glo— Phe— Asp— Glo— Met— Glu— 
Glu— Cys — Ser— G to —His— Leo— Pro— Tyr— II e—X; 

(Peptide HID) 



wherein X is —OH or — NHj or an analogue of the 
above peptide having an amino acid sequence derived 
ffl 65 from a strain/isolate of HCV in a region corresponding 
Cyj-Ser-Gto-His-Leo-Pro-TyT-ito-Giu-Gto-Giy- to ^ c peptide and having specific immunoreactivity to 

Mc1 _Met-Leo-Ato-GiB^to-Pr^Lys-Gin-Lys-Ai.- mlbo6ics to HCV relative to the peptide that is sub- 

HO stantially preserved. 



Leu-Gly— Leu— X; 



5,106,726 

51 52 

6. A peptide composition according to claim 1 activity to antibodies to HCV relative to the peptide 

wherein the peptide comprises a segment of Peptide that is substantially preserved. 

VHI and has an amino acid sequence selected from the 8. A peptide composition according to claim 1 

group consisting of: wherein the peptide has an amino acid sequence as 

5 follows: 

(0 

Thr— Lys— Arg— Asn— Thr— Am— Arg— Arg— Pro— Gin— Asp— Ser— Thr— Pro — Lys— Pro— Gin— Gin— Arg— Lys— Thr— Lys— 

V*)- Ly»— Phe— Pro-Gly-Gly— G ly—Oln— He— ViJ-Gly— Arg— Asd— Thr— Asn— Arg— Arg— Pro-Glo— Aid— V»l— Lys— 

Gly— Val— Tyr— Leo— Leu— Prc—Arg— Arg— Gly— Pro— Arg— Phe— Pro— Gry-Gry— Oly— Gin— lie— ViJ— Gly— Gly— V»I— 

Uu-Gly— ViJ— Arg— AU— Thr— Arg— Lys— Thr— Ser-Clu— .* Tyr— Uu— Leii— Pro— Arg— Arg-Gry— Pro— Arg— Leu— 

Arg— Ser-Glo— Pro— Arg— Oly— Arg— Arg— X; Qly— Vil— Arg— AU— Thr— Arg— Ly*— Thr— Sef— Glu— Arg— 

(Peptide V1IID) Ser-Gbi— Pro-Arg-Gly-Arg-Arg-X 

A.p-Vri-Lyv-Phe-Pro-Gly-Gly^iy^ln-Ile-Vd- * ^rein X is -OH or -NH 2 , or an analogue of the 
Giy^iy-Vd^Tyr-Leu-Uu-Pro-Arg-Arg-Oly-Pro- above peptide having an amino acid sequence derived 
Arji-Leu-Giy— v»i— Arg-AU— Thr— Arg— Ly»-Thr— Ser— 13 from a strain/isolate of HCV in 8 region corresponding 
Oiw— Arg— Set— Gin— Pro— Arg— Gly— Arg— Arg-X; to the peptide, and having specific immune-reactivity to 

(Peptide vnip antibodies to HCV relative to the peptide that is sub- 
(iii) staniiall y preserved; and a segment of the above peptid e 
vj — ciy— Gly— Val — Tyr— Leu— Leo— Pro— Arg— Arg — Gly-»- having specific immunoreactivity to antibodies to HCV 
Pro-Arg— Leo— GJy— ViJ-Arg— Ali-Thr— Arg-Lyi— Thr— 20 relative to the peptide of at least 17,8% up to 101%. 

S<r~aiu-Arg-Ser^l n -Pro-Arg-G]y-Arg~Arg-X; j A ^p^^ according 10 claim 1 

m wherein the peptide has an amino acid sequence as 

Civ) follows: 
Oly— Pro— Arg— Uu— Gly— V*I— Arg— Als— Thr— Arg— Lys— 

Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg- 25 ^^^^^p^^p^^^. 

(Peptide VIII A) Arg— Pro— Glu— Gly— Arg— Thr— Trp— AU— Gin— Pro— 
Gly— Tyr— Pro— Trp— Pro— Leu— Tyr— GJy— Asn— Glu— 
. „ . V „ T , . . Gly— Cys— Gly— Trp— AU— Gly— Trp— Uu— Uu— Ser— 

wherein X is — OH or — NH2 or an analogue of each of Pro— Arg— Gly— Ser— Arg— Pro— Ser— Trp— Gly-Pro— 
the above peptides having an amino acid sequence de- 30 Thr— Asp— Pro— Arg— Arg— Arg— Ser— Arg— Aw— Leu- 
rived from a strain/isolate of HCV in a region corre- Gly— X; 
sponding to the peptide and having specific immunore- 

activity to antibodies to HCV relative to the peptide wherein X is -OH or -NH* an analogue of the above 

that is substantially preserved. peptide havin « 8,1 80111)0 acid *W* nc * dtnvcd from 8 

7. A peptide composition according to claim 1 35 * tra in/isolate of HCV in a region corresponding to the 

wherein the peptide comprising a segment of Peptide Peptide, and having specific immunoreactivity to am> 

IX and has an amino acid sequence selected from, the » HCV relative to the peptide that is substan- 

group consisting of: tia "y preserved; and a segment of the above peptide or 

analogue thereof having specific immunoreactivity to 

(j) antibodies to HCV relative to the peptide of at least 

Ile-Pro-Lys-Vil-Arg-Arg-Pro-Glu-Gly-Arg-Thr- 17 - 8 ^ U P 10 ,01 ^' . , . A __ TO . x 

Trp-Ai»-Gin— Pro-Gly-Tyr— Pro— Trp— Pro-Leu— Tyr- 10. An enzyme linked immunosorbent assay (ELISA) 

G)y-A»-Giu-Giy-Cyi-Giy-Trp-A)»-Giy-Trp-Leu- test kit for the detection of antibodies to HCV or 
Uu-Ser-Pro-Arg-Giy-Sa-Arg-Pro-Ser-Trp-Gly- NANBHV or the diagnosis of HCV or NANBHV 
P^Thr-Mp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Uu- ^ CQmprising: 

Jy ' (Peptide IXD) 0) a solid substrate coated with a peptide composition 

according to claim 1; 

_ _ , ^ ^ ^ „ „ „ , <® (U) a negative control sample; 

n " HCV «- UvB M 

Uu— Leu— Ser— Pro-Arg-Gly-Ser-Arg— Pro-Ser— Trp— 50 0 V ) Specimen diluent; 

GJy— Pro— Thr— Asp — pro— Arg— Arg— Arg— Ser— Arg— Am — (v) enzyme labelled antibodies to human IgG; and 

Uu-Gly-X: (vi) an enzyme substrate. 

(Peptide IXQ u ELISA test according to claim 28 wherein 

(iii) the solid phase is coated with a peptide composition 

Leu— Tyr— Gly— Am— Glu— Gly — Cys— Gly— Trp— AU— ciy— 55 comprising a segment of Peptide II and having an 

Trp-Leu-Uu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser- amino acid sequence selected from the group consisting 

Trp— Gly— Pro— Thr— Asp— Pro— Arg— Arg— Arg— Ser— Arg— n r. 
A»-Uu-Gly-X; 

(Peptide IXB) 

(0 Cy*— Ser— Gin— His— Leu— Pro— Tyr— He— Glu— Gin— 

Crv) a) Gly— M«— Mel— Leu-Al»-Glu— Gln-Phe— Lys— Gin— 

Trp— Ale— Gly— Trp— Leu— Leu— Ser— Pro— Arg— Gly— Ser— Ly»— AU— Leu— Gly— Leu— X; 
Arg— Pro— Ser— Trp— Gly— Pro— Thr— Asp— Pro— Arg— Arg— 

Arg— Ser— Arg— Aw— Leu— Gly— Xj (ii) Asp— Glu— Mel— Glu— Glu— Cys— Ser— Gin— His— Uu— 

(Peptide IXA) Pro— Tyr— Ile-Glu-Gln-Gly-Mei— Met— Leu— Ah- 

whereinXis — OH or— NH2 or an analogue of each of 65 X; 
the above peptides having an amino acid sequence de- m Leo _ T y T _ Afg _^3 ]u .p he _ Asp _Gi 0 _Mei-Gtu-Glu- 
rived from a strain/isolate of HCV in a region corre- Cys— Ser— oin— His— Uu— Pro-Tyr— Jie— Glu— Gin— 

sponding to the peptide and having specific immunore- . Gly— Met— Met— Leo— au-gu— Gin— Phe— Lys— Gin— 
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■continued 
Ly» — AU— Leu — G»y—^Lm— X; 

(iv) Pro— Asp— Arg-Glu— V»J-Le<i-TyT— Arg-OJu— Pbc— 
Pro— Tyr— lle-Otu— Gin— Gly— Met— Met— Leo— AU— 
X; 

(v) Ser— Gly— Lyv-Pro— AU— lie— De— Pro— Asp— Arg— 
Glu— Vil— Leo— Tyr— Arg— Olu— Phe— Asp— Glu— Met— 
Glu— Glu— Cy*— Ser— Oto— His— I-eu— Pro— Tyr— lie— 
Glo— Oln— Gly— Met— Met— Leu— AU— Olu— Ota— Pbe— 
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wherein X is —OH or — NHj, and an analogue of each 
of the above peptides having an amino acid sequence 15 
derived from a strain/isolate of HCV in a region corre- 
sponding to the peptide and having specific immunore- 
activity to antibodies to HCV relative to the peptide 
that is substantially preserved. 

12. An ELISA test kit according to claim 10 wherein 20 
solid phase is coated with a peptide having an amino 
acid sequence: 

Ser— Gly— Lys— Pro— AU— He— Ik— Pro— Asp— Arg— 
Glu— VaJ— Leu— Tyr— Arg— Glu— Phe— Asp— Glu— Met- 25 
Glu— Glu— Cys-Ser— Gin— Ws— Leu— Pro— Tyr— lie— 
ply — Qbi — GJy — Met— Met — Leu— AU — Glu— Gin — Phe— 
Ly»— Gin— Lys— Ala— Leu— Gly— Leu— X; 

wherein X is OH or — NHj and an analogue of the ^ 
above peptide having an amino acid sequence derived 
from a strain/isolate of HCV in a region corresponding 
to the peptide and having specific immunoreactivity to 
antibodies to HCV relative to the peptide that is sub- 
stantially preserved. 35 

13. An ELISA test kit according to claim 10 wherein 
the solid phase is coated with a peptide composition 
comprising a segment of Peptide III having an amino 
acid sequence selected from the group consisting of: 
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antibodies to HCV relative to the peptide that is sub- 
stantially preserved. 

15. An ELISA test kit according to claim 10 wherein 
solid phase is coated with a peptide composition com- 
prising a segment of Peptide VIII having an amino acid 
sequence selected from the group consisting of: 



A»p— V»l— Lyt— Phe— Pro— Gly— Cry-Gly— Oln— Ik— 
10 ViJ— Gly— Gly— Vol— Tyr— Leu— Leu— Pro— Arg— Arg— 
Gly— Pro— Arg— Leu— Gly— Vil— Arg— AU— Tor— Arg— 
Ly»— Tor— Ser— Glu^-Arg— Ser— Olo— Pro— Arg— Gly— 
Arg— Arg— X; 

Asp-Vtl-Ly»-Pbe— Pro-Oly-rOly-Gly-Gln-lle- 
Vd— Gly— Gly— ViJ— Tyr— Leo— Leu— Pro— Arg— Arg— 
Gly— Pro— Arg— Leo — Gly— V»l— Arg— AU— Thr— Arg— 
Lyt— Thr-Ser-Glu— Arg— Ser-Gln— Pro— Arg— Gly- 
Arg— Arg— X; 

) VaJ— Gly— Gly— Vd— Tyr— Leo— Le*-Pro— Arg— Arg— 
Gly-Pro-Arg-Uu-Oly-Val-Arg-AU-Thr-Arg- 



Arg— Arg- 

(iv) Gly— Pro— Arg— Leu— Oly— Vtl— Arg— AU— Thr— Arg— 
Lys— Thr— Ser-Glu— Arg— Ser^Gln— Pro— Arg— Gly— 
Arg— Arg-X; 

wherein X is —OH or — NH2 or an analogue of each of 
the above peptides having an amino acid sequence de- 
rived from a strain/isolate of HCV in a region corre- 
sponding to the peptide and having specific immunore- 
activity to antibodies to HCV relative to the peptide 
that is substantially preserved. 

16. An ELISA test kit according to claim 10 wherein 
solid phase is coated with a peptide composition com- 
prising a segment of Peptide IX having an amino acid 
sequence selected from the group consisting of: 

(i) 1 lie— Pre— Ly»-Vtl-Arg-Arg-Pro-Glu-Gly-Arg- 

Leu— Tyr— Gly— Aso — Glu — Gly— Cys — Gly— Trp— AU— 
Oly— Trp— Leu— Leu— Ser— Pro— Arg-Oly— Ser— Arg- 



(ii) Ser— Gly— Lyv— Pro— AU— He— lie— Pro— Asp— Arg— 
Glu— VeJ— Leu— Tyr— Arg— Glu— Phe— Asp— Glo-Met— 
Glu— Glu— Cys— Ser— Gin— His— Leu— Pro— Tyr— He— X; 

(iii) Gly— Arg— Val-Vtl-Leu-Ser-Gly— Lys-Pro— AU— 
Ik— Ik— Pro— Asp— Arg— Glu— VaJ— Leu— Tyr— Arg— 



45 



<u) Thr-Trp— Alt-Gin— Pro—Gly-Tyr-Pro— Trp— Pro— 
Leu-Tyr— Gly— Asn— Glu— Gly— Cys-Gly-Trp— AU- 
Gly— Tip— Leu— L~ c ~ A " *<*— 

Pro— Ser— T 



(iii) Leu— Tyr— Oly— Asa— Glu-Gly— Cys— Gly— Trp— AU— 
Gly— Trp— Leu— Leu— Ser— Pro— Arg— Gly— Ser— Arg— 
50 Pro-Ser-Trp-Gly— Pro— Thr— Asp-Pro— Arg— Arg— 
Arg— Ser— Arg— Asa— Leo-Oly— X; 



wherein X is —OH or — NHj and an analogue of each 
of the above peptide having an amino acid sequence 
derived from a strain/isolate of HCV in a region corre- 
sponding to the peptide and having specific immunore- 
activity to antibodies to HCV relative to the peptide 
that is substantially preserved. 

14. As ELISA test kit according to claim 13 wherein 
the peptide is: 

00 Set— Gly— Lys— Pro— AU—ne—De— Pro-Asp— Arg— 
Glu— Vi4— Leu— Tyr— Arg— Glu— Phe— Asp— Glu— Met— 
Olu— Glo-Cy*— Ser— Gin— His— Leu— Pro— Tyr— He— X; 

wherein. X is —OH or — NHj or an analogue of the 65 
above peptides having an amino acid sequence derived 
from a strain/isolate of HCV in a region corresponding 
to the peptide and having specific immunoreactivity to 



wherein X is —OH or — NH2 or an analogue of each of 
the above peptides having an amino acid sequence de- 
rived from a strain/isolate of HCV in a region-corre- 
sponding to the peptide and having specific immunore- 
activity to antibodies to HCV relative to the peptide 
that is substantially preserved. 

17. An ELISA test lot according to claim 10 wherein 
the solid phase is coated with a peptide composition 
comprising a peptide having an amino acid sequence as 
follows: 
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-continued 

V.1— Ly*— Phe— Pro— Gly— Gry-Oly— Cln— He— Vel— 
G ly— Oly— ViJ— Tyr— Leo— Leu— Pro— Arg— Arg— Gly— 
Pro-Arg— Leu— Gly— Vil— Arg-Ala-Tbr-Arg-Lys— 
Thr— Set— Glu— Arg— Ser— Gin— Pro— Arg— Gly— Arg— 
Arg-X 

whcrdn X is —OH or — NH2 or an analogue of the 
above peptide having an amino acid sequence derived 
from a strain/isolate of HCV in a region corresponding 
to the peptide, and having specific immune-reactivity to 
antibodies to HCV relative to the peptide that is sub- 
stantially preserved; and a segment of the above peptide 
or analogue thereof having specific immunoreactivity 
to antibodies to HCV relative to the peptide of at least 
17.8% up to 101%. 

18. An ELISA test kit according to claim 10 wherein 
the solid phase is coated with a peptide composition 
comprising a peptide having an amino acid sequence as 
follows: 



Gly— Arg— Arg— Gin— Pro— He— Pro— Lys— Val— Arg— 
Arg— I»ro-G)u— Gly— Arg— Thr— Trp— Ala-Gin— Pro— 
G ly— Tyr— Pro— Trp— Pro— Leu— Tyr— Gly— Asn— Glu— 
Gly— Cys— Gly— Trp— Ala— Gly— Trp— Leu— Leu— Ser— 
Pro— Arg-Gly— Ser— Arg— Pro— Ser— Trp— Gly— Pro— 
Thr— Aid— Pro— Arg— Arg— Arg— Ser— Arg— A»— Leu— 
Gly-X; 
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All— Leo— Gly— Leu- X; 



<niD) 



5 fii) Ser— Gly— Lyr-Pro— Ala— lie— lie— Pro— Asp— Arg— 
Glo— ViJ— Leo— Tyr— Arg— Glu— Phe— Aip— Glu- 
Mei— Glu— Glu— Cy»— Ser— Gin— Hi»— Leu— Pro— 
Tyr-Ile-X; 

(V> 

10 (iiD Ly«— Gin— Lyi— Ala— Leo— Gly— Leu— Leu— Gln- 
Thr— Aln-Ser— Arg— Gin— Ala-G)u-V*l— lie- 
AJ«— Pro— Alt— VaJ— Gin— Thr— Asn— Trp— Gin— 
Lys— Leu— Glu— Thr— Pbc— Trp— Ala— Lys— His— 
Mel— Trp— Ahj— Phe— X; 

15 wherein X is —OH or — NH2 or an analogue of each of 
the above peptides having an amino acid sequence de- 
rived from a strain/isolate of HCV in a region corre- 
sponding to the peptide and having specific immunore- 
activity to antibodies to HCV relative to the peptide 
that is substantially preserved. 

21. An ELISA test kit according to claim 10 wherein 
the solid phase is coated with a peptide composition 
comprising a mixture of Peptides IIH, V and VIIIE, 
25 Peptide IIH, V and VIIIE having the following amino 
acid sequences respectively: 



00 



wherein X is —OH or — NH2 and an analogue of each 
of the above peptides having an amino acid sequence 30 
derived from a strain/isolate of HCV in a region corre- 
sponding to the peptide and having specific immunore- 
activity to antibodies to HCV relative to the peptide 
thai is substantially preserved. 

19. An ELISA test kit according to claim 10 wherein 3J 
the solid phase is coated with a peptide composition 
comprising a mixture of Peptides IIH and V, Peptides 
IIH and V having the following amino acid sequences 
respectively: 

40 

(i) Ser— Gly— Lys— Pro-Ala-lle-lle— Pro-Asp— (IIH) 
Arg— Glu— ViJ— Leu— Tyr— Arg— Glu— Phe— 
Aip— Glu— Met— Glu— Glu— Cys— Ser— Gin— 
His— Leo— Pro— Tyr— De— Glu— Gin— Gly— 
Met-Met-Leu— Ala-Glu- Gln-Pbe— Lys- 
Gln-Lys— Ab-Leu-Gly-Leu— X 45 

(u) Ly»— Gin— Ly>— Ala— Leo-Gly-Leu— Leu— (V) 
Gln-Thr— Ala— Ser— Arg-Gln— Ala— Glu- 
V*l-ne-Ala-Pro-Ala-Va!-Gln-Thr- 
Asn— Trp— Gin— Ly*— Leu— Glu— Thr— Phe— 
Trp— AJa— Lys— Hi$— Met— Trp— Ain— Phe— 
X; 



(IIH) 



(1) Ser— Gly— Lys— Pro— Ala— lie— He— Pro— Asp— 
Arg— Glu— Vil— Leu— Tyr— Arg— Glu— Phe— Asp— 
Glu— Met— Glu— Glu— Cys— Ser— Gin— His— Leu- 
Pro— Tyr— lie— Glu— Gin— Gly^Met— Met— Leu- 
Ala— Glu— Gin— Phe— Lys— Gin— Lys— Ala— Leu— 
GJy-Leu-X; 

(V) 

(ii) Lys— Gin— Lys— Ala— Leu— Gly— Leu— Leu— Gln- 
Thr— Ala — Ser— Arg— Gin— Ala— Glu— Val— lie- 
Ala— Pro— Ala— Val— Gin— Thr— Asn— Trp— Gln- 
Lys— Leu— Glu— Thi — Phe— Trp— Ala— Lys— His— 
Met— Trp— Asn— Phe— X j 

(V11IE) 

(iii) Ser— Thr— He— pro— Lys— Pro— Gin— Arg— Lys— 
Thr— Lys— Arg— Asn— Thr— Asn— Arg— Arg— Pro- 
Gin— Asp— Val— Lys— Phe— Pro— Gly— Gly— Gly— 
Oln— He— Vil— Gly— Gly— ViJ— Tyr— Leo— Leu- 
Pro— Arg— Arg— Gly— Pro— Arg— Leu— Gly— Vil— 
Arg— All— Thr— Arg— Lys— Thr— Ser— Glu— Arg— 
Ser— Gin— Pro— Arg— Gly— Arg— Arg— X; 



wherein X is -^-OH or — NH2 or an analogue of each of 
the above peptides having an amino acid sequence de- 
rived from a strain/isolate of HCV in a region corre- 
sponding to the peptide and having specific immunore- 
activity to antibodies to HCV relative to the peptide 
that is substantially preserved. 

20. An ELISA test kit according to claim 10 wherein 
the solid phase is coated with a peptide composition 
comprising a mixture of Peptides 1TF, HID and V, Pep- 
tide IIF, HID and V having the following amino acid 
sequences respectively: 



wherein X is —OH or — NH2 or an analogue of each of 
50 the above peptides having an amino acid sequence de- 
rived from a strain/isolate of HCV in a region corre- 
sponding to the peptide and having specific immunore- 
activity to antibodies to HCV relative to the peptide 
that is substantially preserved. 
SS 22. An ELISA test kit according to claim 10 wherein 
the solid phase is coated with a peptide composition 
comprising a mixture of Peptides VIIIE and IXD, Pep- 
tide VIIIE and IXD having the following amino acid 
sequences respectively: 
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(HF) 



<i) Pro— Asp— Arg— Glo— V«J— Leu— Tyr— Arg— Glu— 
Phe— Asp— Glo— Met— Glu— Glu— Cys— Ser— Gin— 
His— Leu— Pro— Tyr— He— Glo— Gin— Gly— Met— 
Met— Leu— Ala— Glo— Gin —Phe— Lys— Glo — Lys— 
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(VinE) 

Ser— Thi — He— pro— Lys— Pro— Glo— Arg— Lys— 
Thr— Lys— Arg— Asn— Thr— Asn — Arg— Arg— Pro- 
Gin— Asp— VaJ— Lys— Phe— Pro— Gly— Gly-Gry— 
Gin— lie- Val— Gly— Gly— V»J— Tyr— Leu-Leu— 
Pro— Arg— Arg— Gly— Pro— Arg— Leu— Gly— V»l— 
Arg— Ala— Thr— Arg— Lys— Thr— Ser— Glu— Arg— 
So — Gin— P"ro— Arg— Gly— Arg— Arg— X; 
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(CCD) 



fii) Gly— Arg— Arg— Gin— Pro— lie— Pre— Lys— Val— 
Arg— Arg— Pro— Glu— Gly— Arg— Thj — Trp— Ala— 
Gin— Pro— Gly— Tyi — Pro— Trp— Pro— Leu— Tyr— 
Gly— Asn— Glu— Gly— Cys— Gly— Trp— Ala— Gly— 
Trp— Leu— Leu— Ser— Pro— Arg— Gly— Ser— Arg— 
Pro— Ser— Trp— Gly— Pro— Thr— Asp— Pro— Arg— 
Arg— Arg— So — Arg — Asn — Leu— Gly— X; 

wherein X is —OH or — NH2 and an analogue of each 
of the above peptides having an amino acid sequence 
derived from a strain/isolate of HCV in a region corre- 
sponding to the peptide, and having specific immunore- 
activity to antibodies to HCV relative to the peptide 
that is substantially preserved; a segment of each of the 
above peptide or analogue thereof having specific im- 
munoreactivity to antibodies to HCV relative to the 
peptide of at least 17.8% up to 101%. 
23. A peptide having the amino acid sequence: 

(Peptide II) 

Ser— Gly— Lys— Pro— All— lie— He— Pro— Asp— Arg— 
Ghr— Val— Leo— Tyr— Arg-rGlu— Phe— Atp— Glu— Met— 
Glo^Glu— Cys— Ser— Gin— His— Leo— Pro— Tyr— lie— 
Gltr— Gta— Gly— Met— Met— Leo— AU-!-Glu— Gin— Phe— 
Lys— Gin— Lys— Ala— Leu— Gly— Leu— X 



wherein X is —OH or NH*. 
5 29. A peptide having the amino acid sequence: 

(Peptide VIII) 

Ser— Thr— De— Pro-Lys— Pro— Gin— Arg— Lyi— Thr— Lys— 



10 Poe— I*c-Gly-Gry-Gry-01n— De— VaJ-Oly— Gly-Val- 
Tyr— Leu— Leu— Pro— Arg— Arg— Gly— Pro— Arg-Leu- 
Gry-Vtl— Arg-Ah— Thr— Arg— Lys— Thr— Ser-Glu— Arg— 
Ser-Gto— Pro— Arg-Gly— Arg— Arg— X 

wherein X is —OH or —NH2. 

30. A peptide having the amino acid sequence: 

(Peptide IX) 

Oly— Arg— Arg— Gin— Pro— De— Pro— Lys— Val— Arg— Arg— 
~ Pro— Glu— Gly— Arg— Tyr— Trp— Ah— Gin— Pro— Gly- Tyr- 
*" Pro-Trp— Pro— Leu— Thr-Gly— Am— Glu-Gly— Cys-Gly- 

Trp- Ala— Gly— Trp— Leu— Leu— Ser— Pro— Arg-Gly— Ser- 

Arg— Pro— Ser— Trp-Gly— Pro— Thr— Asp-Pro— Arg-Arg- 

Arg— Ser— Arg— Asn— Leu— Gly— X 

25 wherein X is —OH or —NH2. 

31. A peptide having the amino acid sequence: 



wherein X is —OH or — NH2. 
24. A peptide having the amino acid sequence: 



(Peptide 1IF) 

Pro—Asp— Arg—Glu— Val— Leu— Tyr— Arg— Glu— Phe- Asp— 
30 Glu— Met— Glu— GId— Cys— Ser— Gin— His— Leu— Pro— Tyr— 
(Peptide III) lie— Glu— Gin— Gly— Met— Met— Leu— AU— Glu— Gin— Phe— 
Cy.^VJ-V.l-Ile-Vrf-Oly-Arg-V.d-V^-Leu- Lys-Oln-Lys-Ab-Leu-Gly-Uu-X 
Ser— Gly— Lys— Pro— Al«— De— He— Pro- Asp— Arg— . „ . kTTt 

Glu— Vil— Leu— Tyr— Arg— Ghr— Phe— Asp— Glu— Met— wherein X IS —OH or — NH2. 

Glu— Glu— Cys— Ser— Glu— His— Leu— Pro— Tyr— lie— x ^ 32. a peptide having the amino acid sequence: 



wherein X is —OH or — NH2. 
25. A peptide having the amino acid sequence: 



(Peptide II1D) 

Ser— Gly— Lys— Pro— Ala— He— He— Pro— Asp— Arg— Glu— 
Val— Leu— Tyr— Arg— Glu— Phe— Asp— Glo— Met— Glu— 
(Peptide IV) ^ Glo-Cys— Ser— Gin— His— Leu- Pro— Tyr— lie— X 
Ser— Gly— Lys— Pro— Ala— He— He— Pro— Asp— Arg— ^ 

Glu-Vir— Leu-Tyr— Arg— Glu-Phe— Asp-Glu-Met— wherein X IS —OH or — NH2. 

Glu— Glu^Cys— Ser— Gin— His— Leu— Pro— Tyr— lie— 33, A peptide having the amino acid sequence: 

Glu-Gln— Gly— Met-Met— Leu-Ala— Glu-Gln-Phe-X 



wherein X is —OH or — NH2. 45 

26. A peptide having the amino acid sequence: 

(Peptide V) 

Lys— Gin— Lys— Ala— Leu— Gly— Leu— Leu— Gin— Thr— 
All— Ser— Arg— Oln-Ala— Glu— Val— lie— Ala— Pro- 
Ala— VaJ— Glu— Thr— Asn— Trp— Gin— Lys— Leu— Glu— 
Thr-Phe— Trp— Ala— Lys— His— Met— Trp— Asn— Phe— X 

wherein X is — OH or NH2. 

27. A peptide having the amino acid sequence: 

(Peptide VI) 

Glu— Oln-Gly— Met— Met— Leu— Ala— Glu-Olo— Phe— Lys— 
Gin— Lys— Ala— Leo— Oly— Leu— Leu— Gin— Thr— Ala— Ser— 
Arg— Glfl — All — Glu — Val — He — Ala— Pro— AU— Val — Gin — 
Thr — Asn— Trp— Gin — Lyi — Leu— Glu— Thr— X 

wherein X is —OH or — NH 2 . 

28. A peptide having the amino acid sequence: 

(Peptide VII) 

Pro-Oly-Ala-Leu^Val-Val-Gly-Vil-VaJ-Cys-Ali- 
AU-IIe— Leu-Arg-Arg-His-VaJ-Gly-Pro-Oly-Glu- 
Gly— Ala— * 



(Peptide IXD) 

De— Pro— Lys— Val— Arg— Arg— Pro-Olu-Gly— Arg— Thr— 
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wherein X is —OH or NHj. 

34. An ELI5A test kit for the detection of antibodies 
to HCV or NANBHV or the diagnosis of HCV or 
NANBHV infection comprising: 

(i) a solid phase coated with a peptide composition 
containing any one of the following peptides: 

(Peptide 1) 

Ght-Oln-Cys— Ser-Gln— His— Leo-Pro-Tyr-Ile-Glu- 
Oln— Gly-Mrt— Met-Leu— Ala-Glu— Gin— Phe-Lys— Gln- 
Ly»— Ala— Leu— Gly— Uu— Leu— Glo— Thr-Ala— Ser— Arg- 
Gln-Ali-Glu— Val-ne— Ala-Pro-X; 

(Peptide HP) 

Pro— Asp— Arg— Glu-Val— Leu— Tyr— Arg-Gro— Phe— Asp— 



De-Clo-Gto-Gly-Met— Met-Leu— Ala-Olu-Gb— Phe- 
Lys-Gln-Lys— AJa-Leo-Gly-Leu-X; 
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(Peptide II) 

e* r _Gly-Lys— Pro— Alt-Ik-Ile— Pro— Asp— Arg— Glu— 
Vtl— Uu— Tvr— Arg— G lu— Phe— Asp— Gro— Mel— Glu— 
Glu— Cys— Set— Gin— His— Uu JJ^p T p[ l — ^Lys^^lT" 
Alt-Uu— Gly— UU7-X; 

(Peptide III)" 

Cys— Vtl— Vtl— lie— Vtl-Gly— Arg-Vtl— Vtl-Uu-Ser— 
Gly— Lys— Pro— Alt— lie— He— Pro- Asp— Arg-Glu— Vtl— \q 
Uu— Tyr— Arg— Glu— Phe— Asp— Glu— Met— Glu— Glu— 
Cys— Ser— Gin— His— Uu— Pro— Tyr— lie— X; 

(Peptide HID) 

Ser— Gly-Lyv-Pro— Ab— He— lie— Pro-Asp— Arg-Glu— 
Vtl— Uu— Tyr— Arg— Glu— Phe— Asp— Glu— Met— Glu— 15 



(Peptide IV) 



Ser— Gly— Lyi— Pro— AU—De—Ile— Pro— Asp— Arg-Glu— 
Vtl-Uu— TyT— Arg-Clu-Phe— Asp— Glu— Mei-Glu— 
Glu— Cys— Ser— Gin— His-Uu-Pro— Tyr-Ile-Glu— Gin— 
Oly— Met— Met— Uu— Alt— Glu— Gin— Phe— X; 



(Peptide V) 

L ys— Gin— Lys— Alt— Uu— Gly— Leu— Uu— Gin— Thr— 
Alt— Ser— Arg— Gin— All— Glu— Vtl— lie— Alt— Pro- 
Alt - Vtl— Gin- Thr-Asn— Trp— Gin— Lys—Uu- Glu— 
Thr— Phe— Trp— Alt— Lys— His— Mel— Trp— Asa— Phe— X; 

Gi) a negative control sample; and 

(iii) an inactivated HCV positive control sample; 

(iv) specimen diluent; 

(v) enzyme labelled antibodies to human IgG; and 

(vi) an enzyme substrate. 

36. An ELISA test kit for the detection of antibodies 
to HCV or NANBHV or the diagnosis of HCV or 
NANBHV infection comprising: 

(i) a solid phase coated with a peptide composition 
comprising a mixture of 
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(Peptide II) 



Ser— Gly— Lys— Pro— Alt— He— lie— Pro— Asp— Arg- 
Glu— Vtl— Leu— Tyr— Arg— Glu— Phe— Asp— Glu— M et— 
Glu— Glu— Cys— Ser— Gin — His— Leu— Pro— Tyr— lie— 
Glu— Glu— Gly— Met— Met— Uu— Alt— Glu— Gin— Phe— 
Lys— Gin— Lys- Alt— Uu— Gly— Uu-X: 



(Peptide V) 

Lys— Gin— Lys— Alt— Uu— Gly— Uu— Leu— Gin— Thr— Alt— 
Ser-Arg-Gln-Alt-Glu-Vtl-lle-Alt-Pro-Alt-Vtl- 
Gln-Thr-Asn-Trp-Gln-Lys-Uu-Glu-Thr-Pbe-Trp- 25 ^ 
Alt-Lys-His-Met-Trp-Asn-Phe-X; 

(Peptide VIII) 

. «. (Pepl,dcV,) Ser— Thr- Ile-Pro-Lyt- Pro-Gin- Arg- Lys-Thr- 

Glu-Gln— Gly— Met— Met-Uu— Ala-Glu-Gln-Phe- Lys-Arg— Asn— Thr— Asn— Arg— Arg— Pro— Gin— Asp— 

Lyi-Gln-Lys-Ali-Uu-Gly— Uu-Uu— Gln-Thr-Alt- Vtl— Lys— Phe— Pro— Gly— Gly— Gly— Gln-Ile— Vtl— 

Ser-Arg-Gln—Alt-Glu-Vtl— He-Alt— Pro-AU-V»l- 30 QJy— Gly— Vtl— Tyr— Uu—Uu— Pro— Arg— Arg— Gly— 
Gln-Thr— Asn-Trp— Gln-Lys-Uu— Glo— Thr-X; Pro- Arg— Uu— Gry— Vtl— Arg— Alt— Thr— Arg— Lys— 

Thr-Ser-Glu— Arg-Ser— Gin-Pro- Arg— Gly- Arg- 
(PeptideVII) Arg-X; 
Pro— Cly-Alt— Uu— Vil-Vtl— Gly-Vtl-Vtl-Cys— Alt- 
Al»-!le— Uu— Arg— Arg— His- Vtl— Gly-Pro— Gly-Glu— 
Gly— Alt— Vtl-Gln— Trp— Mel— Asn— Arg-Leu-lle— Alt— 35 
Phe— Alt-Ser— Arg-Gly— Asn-His-Vtl-Ser— Pro— X; 



(ii) a negative control sample; and 

(iii) an inactivated HCV positive control sample; 

(iv) specimen diluent; 

(v) enzyme labelled antibodies to human IgG; and 

(vi) an enzyme substrate. 

37. An ELISA test kit for the detection of antibodies 



(Peptide VIII) 

Ser-Thr— lie— Pro— Lyt— Pro— Gin— Arg— Lys— Thr— Lys— 
Arg-Asn-Thr-Asn— Arg-Arg-Pro-Gln-Asp-Vtl-Lys- 

Pbe-Pro-GJy-Gly-GJy-Gln-Ile-Vtl-Gly-Gly-Vtl- 40 to HCV or NANBHV or the diagnosis of HCV or 
Tyr-Uu-Uu-Pro-Afg-Arg-Giy-Pro-Arg-Uu- NANBHV infection comprising: 

Giy-y.i-Arg-Ait-Thr-Arg-Lys-Thr-Ser-Glu-Arg- ^ a phasc coated with a peptide composition 

comprising a mixture of 

(Peptide IXD) 

45 (Peptide II) 



Ser— Gin— Pro— Arg— Gly— Arg— Arg— X; tnd 



ne— Pro— Lys— Vtl— Arg— Arg— Pro— Glu— Gly— Arg— Thr— 
Trp— Alt— Gin— Pro— Gly— Tyr— Pro— Trp— Pro— Uu— Tyr— 
Gly— Ain— Glu-Gly— Cys— Gly— Trp— Alt— Gly— Trp— Uu- 
Uu— Ser— Pro — ATg— Gly— Ser— Arg — Pro— Ser— Trp— Gly — 
Pro— Thr— Asp— Pro— Arg— Arg— Arg— Ser — Arg— Asn— Uu— 
Gly-X 



Vtl— Leu— Tyr— Arg— Glu— Phe— Asp— Glu— Met— Glu— 
Glu-Cys-Ser-Gln-Hrs— Uu— Pro-Tyr-Ile-Glu-Gln- 
Gly-Met— MeJ-Leu— Ali—Glu-Glo— Phe— Lys— Gln-Lys- 
50 Alt— Uu— Gly— Uu— X^ 

or mixtures thereof; 

(ii) a negative control sample; and 

(iii) an inactivated HCV positive control sample; 

(iv) specimen diluent; 

(v) enzyme labelled antibodies to human IgG; and 

(vi) an enzyme substrate. (Peptide vm* 
35, An ELISA test kit for the detection of antibodies c ^^ r _ u ^ FT ^ L ^ Pr ^ <3ln _ Xr ^ Lyv _ Thj _ Ly ^ 

to HCV or NANBHV or the diagnosis of HCV or ^Ja^t^-m^ 

NANBHV infection comprising: Phe-Pro-Oly-Gly^ly-GlD-lle-Vtl-Gry-Gly-Vtl- 
(i) a solid phase coated with a peptide composition » £yr-Uu-^^ 

Comprising a mixture of to-Gln-Pro-Arg-Gly-Arg-Arg-X; 



(Peptide V) 

Lys— Gin— Lys— Ait— Leu— Gly— Leu— Uu— Gin— Thr— Alt— 
Ser-Arg-Gln— Ab— Glu— Vtl— Be— AU— Pro— Alt— Vtl— 

55 Alt— Lys— His— Met— Trp— Asn— Phe— X;tnd 



(Peptide II) 

Ser— Gly— Lys— Pro— Alt— Ikr— lie— Pro- Asp— Arg- 
Glu— Vtl— Leu— Tyr— Arg— Glu— Phe— Asp— Glu— Met— 65 
Glu— Glu— Cys— Ser— Gin— His— Uu— Pro— Tyi — lie— 
Glu— Gin— Gly— Met— Mel— Leu— Alt— Glu— Gin— Phe— 
Lys— Gin— Lys— Alt— Uu— Gly— Uu— X; 



(ii) a negative control sample; and 

(Hi) an inactivated HCV positive control sample; 

(iv) specimen diluent; 

(v) enzyme labelled antibodies to human IgG; and 

(vi) an enzyme substrate. 
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CERTIFICATE OF CORRECTION 

PATENT NO. : 5,106,726 Page 1 of 3 

0ATE0 *' : A p r ii 2 1 , 1992 
INVENTORS) : chang Y i Wang 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 



At Column 4, lines 17-19: the first three lines of the 

amino acid sequence 

"Gly-Arg-Arg-Gln-pr o-I le-Pro-Lys-Va 1- 
Arg-Arg-Pro-Glu-Gly-Arg-Tyr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr-" 

should read: — Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg-Thr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr . 

At column 23, lines 46 - 47: the first two lines of the 
amino acid sequences: 

w Ile-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Tyr- 
Trp-Alg-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr-" 
should read: — Ile-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Thr- 
Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- 




UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,106,726 Page 2 of 3 

DATED *" : April 21, 1992 
INVENTORY) : Chang Yi Wang 

it is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

In the Claim 1 (viii) , the first three lines of the amino 
acid sequence: 

n Gly -Arg-Ar g-G ln-pro-I le-Pr o-Ly s - Va 1 - 
Arg-Arg-Pro-G lu-Gly-Arg-Tyr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr-" 
should read: — Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg-Thr-Trp-Ala- 

Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr 

In the Claim 30, the first three lines of the amino acid 
sequence: 

" Gly-Arg -Arg-G ln-pro-I 1 e-Pr o -Ly s - Va 1 - 
Arg-Arg-Pro-Glu-Gly-Arg-Tyr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr- M 
should read: — Gly-Arg-Ar g-G ln-pr o- 1 1 e-Pro-Ly s - Va 1 - 
Arg-Arg-Pro-Glu-Gly-Arg-Thr-Trp-Ala- 
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DATED . : April 21, 1992 
INVENTORY) : Chang Y i Wang 

tt is certified that error appears In the above-identified patent and that said Letters Patent is hereby 
corrected as shown below. 

Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- — 



Attest: 



Signed and Sealed this 
Twentieth Day of September, 1994 



BRUCE LEHMAN 

Attesting Officer Commissioner of Patents end Trademarks 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 5,106, 726 Page 1 of 3 

DATED : April 21, 1992 

INVENTORS) : Yi Wang 

It is certified that error appears in the above-indentified patent andthat said Letters Patent Is hereby 
corrected as shown below: 

At Column '9, lines 17-19: the first three lines of the 

amino acid sequence 

"Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-Pro-GluH»lyHtrg^-Tyr-Trp-Ala-' 
Gln-ProHSly-Tyr-Pro-Trp-Pro-Leu-Thr-" 

should read: — Gly-Arg-ArgH5ln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg-Thr-Trp-Ala- 
Gln*ProH31y-Tyr-Pro-Trp-Pro-Leu-Tyr 

At column 23, lines 46-47: the first two lines of the 
amino acid sequences: 

"Ile-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Tyr- 
Xrp-Alg-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr- M 
should read: — iie-Pro-Lys-Val-Arg-Arg-ProHSlu-Gly-Arg-Thr- 

Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- - 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

• PATENT NO. : 5,106,726 Page 2 of 3 

DATED : April 21, 1992 
INVENTORY) : 

Chang Yi Wang 

tt Is certified that error appears In the above-indentified patent and that said Letters Patent is hereby 
corrected as shown below: 

Column 49, lines 17-19: 

In the claim 1 (viii) , the first three lines of the amino 
acid sequence: 

"Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-ProHSlu-Gly-Arg-Tyr-Trp-Ala- 
Gln-Pro-G ly-Tyr-Pro~Trp-Pro-Leu-Thr- " 
should read: — Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-Pro-GluH31y-Arg-Thr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- — 

Column 58, lines 18-20: 

In the Claim 30, the first three lines of the amino acid 
sequence: 

"Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg-Tyr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr- " 
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DATED : April 21, 1992 
INVENTOR(S) : Chang Yi Wang 
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: Ile-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Thr- 

Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr 



This certificate Supersedes Certificate of Correction issued September 20, 1994. 



Signed and Sealed this 
Thirteenth Day of December, 1994 



Attest' 




Attesting Officer 



BRUCE LEHMAN 
Commissioner of Patents and Trademarks 
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ABSTRACT 

The present invention relates to a method for the 
detection in body fluids of antibodies to hepatitis C virus 
(HCV), also known as a non-A non-B hepatitis (NANBH) virus and 
to the diagnosis of NANBH by the use of a composition of 
synthetic peptides. Each of these peptides has an amino acid . 
sequence corresponding to immunodominant regions of a fusion 
protein and a non-structural polypeptide of HCV, SOD/HCV C100 
and a postulated HCV structural (core) protein. More 
specifically, the present invention is directed to the use of a 
group of synthetic peptides in a prescribed sequence or their 
analogues for the detection of antibodies to HCV in body 
fluids. The detection method includes an enzyme-linked 
immunosorbent assay (EL ISA) , and other forms of immunoassay 
procedures . 

The present invention also relates to a method for 
generating high titer antibodies to HCV in healthy mammals, 
including humans, by the use of compositions containing these 
synthetic peptides, analogues or mixtures thereof, in a free, 
conjugated or polymeric form as key components in synthetic 
vaccines for the prevention of non-A non-B hepatitis (NANBH). 
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SYNTHETIC PEPTIDES SPECIFIC FOR THE DETECTION 
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OF ANTIBODIES TO HCV, DIAGNOSIS OF HCV INFECTION 
AND PREVENTION THEREOF AS VACCINES . 



C ROSS-REFERENCE TO RELAT ED APP LICATION 



This is a continuation in part; appl ica t ion of . 

copending application Serial No. 07/481, 348*, filed February 16, 

***** Ctba+kh**d 

1990, and application Serial No. 0 7/510, J 5 3 , filed April 16, 



1990. 



INTRODUCTION 



The present invention relates to peptide compositions 
specific for the diagnosis and prevention of hepatitis C virus 
(HCV) infection, or non-A non-B hepatitis (NANBH) . More 
particularly, the present invention is directed to synthetic 
peptide compositions which are specific for the detection of 
antibodies to HCV in body fluids and immunoassays using the 
same. The invention also includes the use of the synthetic 
peptide compositions as antigens for eliciting the production 
of monoclonal and polyclonal antibodies against HCV and as 
irnmunogens in vaccines for the prevention of NANBH or HCV 
infection . 
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In the 1940s, two independent investigators concluded 
that there were at least two types of viral hepatitis, 
designated as A and B (HAV and HBV) and that infection by one 
type, either HAV or HBV, did not confer the patient with 
cross-immunity (1-3). It was only in the 1970's with the 
introduction of serologic markers for hepatitis A and hepatitis 
B that it became, possible to identify diseases caused by the 
two viruses and to distinguish between these two types of 
hepatitis clinically and serologically. 

Subsequently, in 1974, Prince et al. suggested that 
many cases of transfusion hepatitis could not be attributed to 
HAV or HBV and were caused by an agent other than these 
viruses. They proposed naming the agent hepatitis C virus 
(HCV) (4). The presence of another hepatitis causing agent was 
subsequently confirmed by Alter et al., who reported that 
although the exclusion of commercial bJood donors found to 
carry hepatitis B surface antigen (HBsAg ) significantly reduced 
the frequency of post-transfusion hepatitis (5), 7 to 10 
percent of the 5 million Americans who received transfusions 
each year still developed hepatitis. In 90% of these 
post-transfusion hepatitis cases, a specific virus, unrelated 
to HAV, HBV, Epstein-Barr virus, cytomegalovirus or other 
viruses which occasionally produce liver diseases, was 
implicated as the etiologic agent (5). This infection was 
designated as non-A non-B hepatitis (NANBH) . 

Over the years, NANBH has been reported in patients 
undergoing hemodialysis, recipients of renal transplants (6), 
intravenous drug abusers (7) and patients in institutions for 
the mentally retarded (8). Further, nurses caring for patients 
with NANBH have also been found to contract this disease. 
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Epidemiologic evidence suggests that there may be 
three types of NANBH: the water-borne epidemic type; the blood 
or needle associated type; and the sporadically occurring 
community acquired type. However, the number and precise 
nature of the causative agents of NANBH still remain not 
entirely clear. 

The acute phase of NANBH is less severe than that of 
hepatitis B, and the disease is rarely f.atal. However, more 
than a third of the individuals who conl.ract NANBH develop a 
chronic form of the disease in which they may remain infectious 
indefinitely. This chronic state may lead to cirrhosis of the 
liver and eventually to liver cancer. 

Many methods have been developed in an attempt to 
detect the putative NANBH viral antigens and antibodies. These 
include agar-gel diffusion, counter immunoelectrophoresis , 
immunofluorescence microscopy, immunoelect ron microscopy, 
radioimmunoassay, and enzyme-linked immunosorbent assay using 
crude biologic lysates and antibodies from patients. However, 
none of these assays are sufficiently sensitive, specific, and 
reproducible for use as a diagnostic test for NANBH. Some of 
the reactivities detected were later attributable to the 
presence of antibodies to host cytoplasmic antigens or low 
levels of a rheumatoid-factor-like substance frequently present 
in patients with or without hepatic diseases. 

In the absence of a definitive test for NANBH, the 
diagnosis in the past has been one of exclusion. It was based 
on the clinical presence of acute hepatitis and the persistent 
absence of serologic markers for hepatitis A and B, 
Epstein-Barr virus or cytomegalovirus. 
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Because no specific test for the detection of 
antibodies to NANBH or HCV has been available, the use of 
nonspecific tests to screen donors has been adopted in the past 
decade as a means of preventing at least some post-transfusion 

NANBH. 

One such surrogate test measures liver enzyme levels. 
The concentrations of some of the liver enzymes, in particular 
alanine aminotransferase (ALT) , are frequently elevated in the 
blood of patients with active hepatitis. Two independent 
studies have shown a correlation between donor ALT levels and 
the incidence of NANBH in transfusion recipients (9-11). 
However, some studies showed that only about 20 percent of 
blood donors who transmitted NANBH have elevated liver enzyme 
concentrations. Other investigators, furthermore, have found 
that the liver enzyme levels can be increased by extraneous 
factors, such as heavy drinking. 

Epidemiologic circumstances nrudisposing donor 
populations to infection with hepatitis B virus may also favor 
exposure to NANBH agents. A study conducted by Stevens et al. 
(12) evaluated the risk factors in donors for the presence of 
antibodies to hepatitis B virus. The results indicated that 
units of blood which were positive for antibodies' to the 
hepatitis B core antigen (anti-HBc) appeared to present a two 
to three-fold greater risk of NANBH in the recipients than 
units without anti-HBc. They concluded that anti-HBc screening 
of donors might prevent about one third of the cases of NANBH 
attributable to transfusion, whereas ALT screening might 
prevent nearly one half of the cases of post transfusion NANBH. 

Even with the use of these surrogate tests to 
establish the diagnosis of NANBH by exclusion, the correct 
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identification of the NANBHV carriers was still far from 
satisfactory. Firstly/ there are a significant number of 
patients who received blood lacking the surrogate markers and 
yet developed NANBH. Secondly, there is a minimal overlap 
between donors with elevated ALT levels and those with 
anti-HBc. Lastly, there are recipients of blood units which 
were positive for a surrogate marker, but who did not become 
infected with NANBHV, also known as HCV (13-15). 

Thus, there is an urgent demand for: a sensitive and 
specific method to identify carriers of NANBHV and to screen 
out contaminated blood or blood products. In addition, there 
is also a need for an effective vaccine and/or therapeutic 
agent for the prevention and/or treatment of the disease. 

Recently, a group of scientists at Chiron Corp. 
constructed a random-primed complement* ry DNA (cDNA) library 
from plasma containing the uncharacter i.zed NANBH agent (16). 
They screened the library with serum from a patient diagnosed 
with NANBH and isolated a cDNA clone that encodes an antigen 
associated specifically with NANBH. This clone was found to be 
derived from the genome of an agent similar to the togaviridae 
or f laviviridae (16) . The newly identified NANBH agent was 
called hepatitis C virus (HCV) . A specific assay for this 
blood-borne NANBH virus was developed based on a fusion 
polypeptide of human superoxide dismutase (SOD) and 363 HCV 

C/OO 

amino acids, designated as SOD/HCV C100-3 (17). SOD/HVC €-±trtT^ 
was cultured from a clone of recombinant yeast, purified, and 
used to capture circulating viral antibodies (17). A family of 
cDNA sequences derived from this hepatitis C virus was 
subsequently reported in detail (18). 
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However, the neucleotide sequence of HCV disclosed by 
the Chiron group covers only about 75% of the HCV genome and 
represents only the nonstructural genes. 

More recently Mayumi , et al. determined the 
5 '-terminal sequence of the genome of HCV for two distinct HCV 
strains in human and chimpanzee carriers (27). The 5'-terminal 
sequence contained a 5' non-coding region of at least 324 
nucleotides, well preserved in the two strains. The non-coding 
region was followed by a coding region of 1348 nucleotides 
continuing beyond the reported sequence of the prototype HCV 
which spanned 7310 nucleotides (18). Based on these results 
(18,27), HCV is considered to possess an uninterrupted open 
reading frame encoding at least 2886 amino acid residues. 

A comparison of the complete nucleotide sequence of 
the Hepatitis C Virus to that of other Flaviviruses (28) has 
led us to postulate that two structural genes encoding for the 
core (or nucleocapsid protein) and the envelope proteins were 
contained in the HCV genome located in the upstream and 
downstream region respectively of the 5' -terminal sequence as 
reported by the Mayumi group (27). By careful analysis of the 
whole HCV genome structure and the predicted amino acid 
sequence encoded in the structural and non-structural proteins, 
we have now identified and characterized by an extensive series 
of experiments and through serological validation, the 
immunodominant regions of the HCV proteins. 

The predicted amino acid sequence of the HCV genome is 
presented in Table 6, wherein the sequence for (a) is the 
sequence for J-l (27, 29), (b) is the sequence for J-4 (27) and 
(c) is the sequence for the prototype PT (18). These show 
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where conservative substitutions, deletions or substitutions 
can be made. 



Table 6 

(a) MSTIPKPQRKTKRNTNRRPQDVKFPGGGQIVGGVYLLPRRGPRLGVRATR 50 

( b ) ___ N 

KTSERSQPRGRRQPIPKVRRPEGRTWAQPGYPWPLYGNEGCGWAGWLLSP 100 
W— A A L 

RG SRPSWGPTDPRRRSRNLGKVI DTLTCGF ADLMGY I PLVGAPLGG AARA 150 

LAHGVRVLEDGVNYATGNLPGCSFSIFLLALLSCLTVPASAYQVRNSTGL 200 
1 E VS-I 

YHVTNDCPNSSIVYEAHDAILHTPGCVPCVREGMVSRCWVAMTPTVATRD 250 
S A-M-M D-S L L-A-N 

GKLPATQLRRHIDLLVGSATLCSALYVGDLCGSVFLIGQLFTFSPRRHWT 300 
ASV-T-TI V A-AF M VS E- 

• TQGCNCS I YPGH I TGHRMAWDMMMNWSPTAALV WAQLLRI PQA I LDM I AG 3 50 
V-D LS T VS VV— V— 

AHWGVLAGIAYFSMVGNWAKVLWLLLFAGVDAETIVSGGQAARAMSGLV 400 
L — Y I-A YT A-SHTT-T-A 

SLFTPGAKQNIQLINTNGSWHINSTALNCNESLNTGWLAGLIYQHKFNSS 450 
S S-R V R D — H — F — A-F-T-R 

(a) GCPERLASCRRLTDFDQGWGP I SHANGSGPDQRPYCWHYPPKPCG IVPAK 500 

(b) M IDW-A TYTEPDS A-R S 

( C) y 

SVCGPVYCFTPSP 55 0 

Q 

VWGTTDRSGAPTYSWGENDTDVFVLNNTRPPLGNWF 

GCTWMNSTGFTKVCGAPPCVIGGAGNNTLHCPTDCFRKHPDATYSRCGSG 600 

PWITPRCLVDYPYRLWHWPCTINYTIFKIRMYVGGVEHRLEAACNWTRGE 650 

RCDLEDRDRSELSPLLLTTTQWQVLPCSFTTLPALSTGL IHLHQN I VDVQ 700 

YLYGVGSSIASWAIKWEYWLLFLLLADARVCSCLWMMLLISQAEAALQN 750 

LVILNAASLAGTHGLVSFLVFFCFAWYLKGKWVPGAVYTFYGMWPLLLLL 800 

LALPQRAYALDTEVAASCGGVVLVGI.MALTLSPYYKRYISWCLWWLQYFL 850 

TRVQAQLHVWIPPLNVRGGRDAVILLMLAVHPTLVFDITKLLLAVFGPLW 9 00 

I LQASLLKVPWF VRVQGLLRFCALARKMI GGHYVQMV I I KLGALTGTYVY 950 
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NHLTPLRDWAHNGLRDLAVAVEPWFSQMETKL I TWGADTAACGD 1 1 NGL 1000 

PVSARRGRE ILLGPADGMVSKGWRLLAP I TAYAQQTRGLLGC I I TSLTGR 1050 

. DKNQVEG EVQ I V ST AAQTFL ATC I NGVCWTVYHG AG TRT IASPKGPVIQM 1100 

YTNVDQDLVGWPAPQGSRSLTPCTCGSSDLYLVTRHADVIPVRRRGASRG 1150 

SLLSPRO I SYLKG SSGG PLLCPAGHAVG I FRAAVCTRG VAKAVDF I PVEN 1200 

LETTMRSPVFTDNSSPPWPQSFQVAHLHAPTGSGKSTKVPAAYAAQGYK 12 50 

VLVLNPSVAATLGFGAYMSKAHGIDPNIRTGVRTITTGSPITYSTYGKFL 13 00 

ADGGC SGG AYDI 1 1 CDELHSTD ATS I LG I GTVLDQAETAGARLVVLATAT 13 50 

PPG SVTVPHPN I EEVALSTTGE I PFYGKA I PLE V I KGCRHLIFCHSKKKC 14 00 

(a) - 1450 

(c) DELAAKLVALG I NAVAYYRGLDVSVI PTSGDVV V VATDALMTGYTGDFDS 

T-Y RR 1500 

VIDCNTCVTQTVDFSLDPTFTIETITLPQDAVSRTQRRGRTGRGKPGIYR 

T A S L 1550 

FVAPGERPSGMFDSSVLCECYDAGCAWYELTPAETTVRLRAYMNTPGLPV 

S A-D-F K— 1600 

CNDHLEFWEGVFTGLTHIDAHFLSQTKQSGENLPYLVAYQATVCARAQAP 

V 1 — 1650 

PPSWDQMWKCL I RLKPTLHGPTPLLYRLGAVQ NE I TLTH PVTKY I MTCMS 

ADLEWTSTWVLVGGVLAALAAYCLSTGCW I VG R WLSGKPA 1 1 PDREV 17 00 

LYREFDEMEECSQHLPYIENGMMLAENFKQKALGLLQTASRQAEVIAPAV 17 5 0 

QTNWQKLETFWAKHMWNFISGIQYLAGLSTLPGNPAIASLMAFTAAVTSP 1800 

LTTSQTLLFN I LGGWVAAQLAAPG AATAFVGAG LAG AAI G SVG LGKVL I D 1850 

ILAGWGAGVAGALVAFKIMSGEVPSTEDLVNLLPAILSPGALWGWCAA 19 00 

ILRRHVGPGEGAVNWMNRLIAFASRGNHVSPTHYVPESDAAARVTAILSS 1950 

LTVTQLLRRLHQWISSECTTPCSGSWLRDIWDWICEVLSDFKTWLKAKLM 2 000 

PQLPG I PFVSCQRGYKGVWRVDG IMHTRCHCGAEITGHVKNGTMRI VG PR 2050 

TCRNMWSGTFP I NAYTTGPCTPLPAPNYTFALWRVSAEEYVE IRQVGDFH 2100 

YVTGMTTDNLKCPCQVPSPEFFTELDGVRLHRFAPPCKPLLREEVSFRVG 2150 

LHEYPVGSQLPCEPEPDVAVLTSMLTDPSH ITAEAAGRRLARGSPPSVAS 2 2 00 

SSASQLSAPSLKATCTANHDSPDAELIEANLLWRQEMGGNITRVESENKV 2 2 50 

VILDSFDPLVAEEDEREISVPAEILRKSRRFAQALPVWARPDYNPPLVET 2 30 0 



- 8 - 



1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20- 

211 

22 

23 

24 

25 

26 

27 

28 

29 

30 



WKKPDYEPPWHGCPLPPPKSPPVPPPRKKRTVVLTESTLSTALAELATR 235 0 

SFGSSSTSGITGDNTTTSSEPAPSGCPPDSDAESYSSMPPLEGEPGDPDL 24 00 

SDGSWSTVSSEANAEDWCCSMSYSWTGALVTPCAAEEQKLPINALSNSL 24 50 

LRHHNLVYSTTSRSACQRQKKVTFDRLQVLDSHYQDVLKEVKAAASKVKA 2 500 

NLLSVEEACSLTPPHSAKSKFGYGAKDVRCHARKAVTHINSVWKDLLEDN 2550 

VTPIDTTIMAKNEVFCVQPEKGGRKPARLIVFPDLGVRVCEKMALYDVVT 2 600 

KLPLAVMGSSYGFQYSPGQRVEFLVQAWKSKKTPMGFSYDTRCFDSTVTE 2 650 

SDIRTEEAIYQCCDLDPQARVAIKSLTERLYVGGPT/rNSRGENCGYRRCR 2700 

ASRASGVLTTSCGNTLTCYIKARAACRAAGLQOCTMr.VCGDDLWICESA 27 50 

GVQEDAASLRAFTEAMTRYSAPPGDPPQPEYDLELITSCSSNVSVAHDGA 2 800 

GKRVYYLTRDPTTPLARAAWETARHTPVNSWLGN I IMFAPTLWARMI LMY 2850 

HFFSVLIARDQLEQALDCEIYGACYSIEPLDLPPIIQRL 2889 

Synthetic peptides have been increasingly used to map 
antigenic or immunogenic sites on the surface of proteins, an 
approach recently termed "site-directetH-serology" . The present 
inventor (Wang, C.Y.) and a colleague have taken this approach 
to identify and characterize highly antigenic epitopes on the 
envelope proteins of HIV and to develop sensitive and specific 
immunoassays for the detection of antibodies to HIV (previously 
designated HTLV-ni) (19-21). See also U.S. Patent 4,735, 896, 
issued April 5, 1988 and U.S. Patent 4,879,212 issued Nov, 7, 
1989, the contents of which are, hereby, fully incorporated by 
reference (22, 23). Subsequently, a series of finely mapped 
and well-characterized HTLV-I/II related synthetic peptides 
were employed in the development of synthetic peptide-based 
diagnostic assays for the detection of HTLV-I/.II antibodies in 
infected individuals (24, 25). See also U.S. Patent 4,833,071 
issued May 23, 1989, U. S.S.N. 07/297,635 filed January 13, 1989 
and USSN 07/469,294 filed January 24, 1990. These assays have 
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provided superior sensitivity, excellent specificity, and, in 
certain cases, an unmatched capability to differentiate 
infections with two closely related viruses, thus overcoming 
many of the existing problems associated with biologically- 
derived tests based on either viral lysate or recombinant 
DNA-derived protein. 

It is, therefore, an objective of the present 
invention to develop a detection or diagnostic procedure to 
identify and monitor HCV infection early in the disease cycle. 

Another objective is to develop a test procedure that 
is highly sensitive and accurate. 

A further objective is to chemically synthesize a test 
reagent which can then be used to detect the presence of 
antibodies to HCV in body fluids and. diagnose NANBH. 

Another objective is to develop a vaccine which, when 
introduced into healthy mammals, including humans, will 
stimulate production of efficacious antibodies to HCV, thereby 
providing protection against HCV infection. 

A further objective is to provide a synthetic 
immunogen which can be used in mammals for the development of 
monoclonal and polyclonal antibodies to HCV. 
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BRIEF DESCRIPTION OF THE INVENTION 

According to the present invention, a series of 
synthetic peptides representing immunodominant regions of the 
hepatitis C virus (HCV) proteins, each arranged in a specific 
sequence, has been identified and made by solid phase peptide 
synthesis. These peptides have been found to be useful in a 
highly sensitive and accurate method for the early detection of 
antibodies to HCV in sera and body fluids and the diagnosis of 
non-A non-B hepatitis (NANBH) . Because of their high 
immunoreactivity, it is expected that these peptides are also 
useful in stimulating production of antibodies to HCV in 
healthy mammals such as Balb/C mice, and in a vaccine 
composition to prevent HCV or NANBHV infection. 
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According to the present invention, a peptide 

« 

composition useful for the detection of antibodies to HCV and 
diagnosis of NANBH comprises a peptide selected from the group 
of peptides with the following sequences: 

(i) Glu-Glu-jSW-Cye-Gln-His-Leu-Pro-Tyr-lle-Glu-Gln- 
Gly-Met^et-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala-Glu- 
Val-Ile-Ala-Pro-X (I) 

(ii) Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-CJlu-Gln-Phe-Lys- 
Gln-Lys-Ala-Leu-Gly-Leu-X (II) 

( iii) Se r-Gly-Lys -Pro-Ala- lie- I le-Pro-Asp-Ar g-Glu-Val - 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-G:i u-G lu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-I le-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X (IIH) 

(iv) Cys-Val-Val-lle-Val-Gly-Arg-Va] -Val-Leu-Ser-Gly- 
Iiys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr- 
Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Oys-Ser-Gln-His- 
Leu-Pro-Tyr-Ile-X (III) 

(v) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Clu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-uiy-Met-Met-Leu- 
Ala-Glu-Gln-Phe-X (IV) 

(vi) Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser- 
Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr- 
Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp-Ala-Lys-His- 
Met-Trp-Asn-Phe-X (V) 

(vii) Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln- 
Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln- 
Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn-Trp- 
Gln-Lys-Leu-Glu-Thr-X (VI ) 

(viii) Pro-Gly-Ala-Leu-Val-Val-Gly-Val-Val-Cys-Ala-Ala- 
Ile-Leu-Arg-Arg-His-Val-Gly-Pro-Gly-Glu-Gly-Ala- 

Val-Gln-Trp-Met-Asn-Arg-Leu-Ile-Ala-Phe-Ala-Ser- 

Arg-Gly-Asn-His-Val-Ser-Pro-X (VII) 

(ix) ^Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg- 
^^m^Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 

Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 
Arg-X, and (VIII 
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(x^^ 7 Gly-Arg-ArgjrG^Ln-Pro-Ile-Pro-Lys-Val-Arg-Arg-Pro- 
Glu-Gly~Arg ^4rT- Trp-Ala-Gln-Pro-Gly-Tyr-Pro--Trp- 
\, Pro~Leu = ^l]ir > »Gly-Asn-Glu-Gly--Cys-Gly-Trp-Ala-Gly- 
Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
Gly-X (IX) 

wherein X. is -OH or -NH 2 , and analogues, segments, mixtures, 
combinations, conjugates and polymers thereof. 

The amino acids in this application are abbreviated as 
shown herein below: 



A» 


Ala = 


alanine , 


R= 


Arg = 


arginine , 


D= 


Asp= 


Aspartic acid, 


N= 


Asn= 


asparagine, 


Q= 


Gln- 


glutamine, 


E» 


Glu= 


glutamic acid, 


L= 


Leu= 


leucine , 


K= 


Lys = 


lysine, 


H« 


His- 


histidine , 


T= 


Thr = 


threonine , 


G = 


Gly= 


glycine , 


1 = 


He- 


isoleucine, 


F= 


Phe« 


phenylalanine, 


S- 


Ser= 


serine , 


W« 


Trp= 


tryptophan , 


Y= 


Tyr = 


tyrosine , 


V= 


Val = 


valine, 


C= 


Cys= 


cysteine, 


P= 


Pro= 


proline 
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An example of a combination is:. Cys-Val-Val-Ile-Val- 
Gly-Arg-Val-Val-Leu-Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu- 
Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu- 
Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys- 
Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala- 
Pro-X wherein X is -OH or -NH 2 . An example of a segment of 
Peptide II is: Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp- 
Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met- 
Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X wherein X 
is -OH or -NH 2 (IIF). An example of a segment of Peptide III 

is: *% . 

Ser-Gly-Lys -Pro-Ala- I le-Ile-Pro-Asp-Arcj-Glu-Val-Leu-Tyr-Arg-Glu 
Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-X 
wherein X is -OH or -NH 2 (HID). An example of a segment of 
Peptide IX. is Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr-Gly- 
Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser 
Arg-Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu 
Gly-X (IXC) . 

The present invention also includes a highly sensitive 
and accurate method of detecting antibodies to HCV in body 
fluids and of diagnosing NANBH comprises the following steps: 

A. Preparing a peptide composition comprising a 
peptide selected from the group having the following amino acid 
sequences: 

( i) Glu-Glu- Sor-Cyo Gln-His-Leu-Pro-Ty r-I le-Glu-Gln- 
Gly-Met^et-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala-Glu- 
Val-Ile-Ala-Pro-X (I) 

(ii) Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- 
Gln-Lys-Ala-Leu--Gly-Leu-X (II) 
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(iii) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X 

(iv) Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val-Leu-Ser-Gly- 
Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr- 
Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His- 
Leu-Pro-Tyr-Ile-X 

(v) Se r-Gly-Lys -Pro-Ala- lie- II e-Pro-Asp-Arg -Glu-Val - 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-X 

(vi) Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser- 
Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-AIa-Val-Gln-Thr- 
Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp-Ala-Lys-His- 
Met-Trp-Asn-Phe-X 

(vii) Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln- 
Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln- 
Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn-Trp- 
Gln-Lys-Leu-Glu-Thr-X 

(viii) Pro-Gly-Ala-Leu-Val-Val-Gly-Val-Val-Cys-Ala-Ala- 
I le-Leu-Arg-Arg-His-Val-Gly-Pro-Gly-filu-Gly-Ala- 
Val-Gln-Trp-Met-Asn-Arg-Leu-Ile-Ala-Phe-Ala-Ser- 
Arg-Gly-Asn-His-Val-Ser-Pro-X 

(ix) ^Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-T..ys~Thr-Lys~Arg- 
^^Karsr-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 

^ly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 
Arg-X, and 

(x) Gly-Arg-Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg-Pro- 
Glu-Glyv^jg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp- 
Pro-Leij^^rr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly- 
Trp-Leu-^Ceu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
Gly-X 



wherein X is -OH or , and analogues, segments, mixtures, 

combinations, conjugates and polymers thereof; and 

B. Using an effective amount of the peptide 
composition as the antigen in an immunoassay procedure. 

Further, according to the present invention, the 
peptides by themselves, or when coupled to a protein or a 
polymeric carrier of homo or hetero dimers or higher oligomers 
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by use of homo or hetero functional multivalent cross linking 
reagents, or when directly synthesized and conjugated to a . 
branching polyvalent lysine resin, can be used to elicit the 
production of antibodies to HCV in healthy mammals, including 
humans . 

The method comprises introducing an effective amount 
of the peptide composition containing each of the individual 
peptides, analogues or segments or a mixture or a combination 
thereof, or in a polymeric form, into the body of a healthy 
mammal by intraperitoneal or subcutaneous injection. 

Vaccines containing the peptides according to the 
present invention as the key immunogen may also be prepared. 
It is expected that such vaccine compositions may be useful to 
prevent HCV infection or NANBH . 

BRIEF DESCRIPTION OF THIi DRAWINGS 

Figs. 1-1, 1-2, 1-3 and 1-4 show the amino acid 
seguences of the immunodominant region of a HCV non structural 
protein and precisely delineates the amino acid residues 

(underlined to show marginal, moderate, and . . 

strong) that contribute to the immunoreact ivi t ies of these HCV 
peptides with four representative HCV antibody positive sera. 
The immunoreactivities were measured as absorbance at 492nm by 
an EIA procedure. 

Figs 2-1 and 2-2 are comparisons of the signal to 

cutoff ratio between the peptide based HCV-EIA employing only 

the non-structural protein sequence derived Peptide IIG of the 

C/00-3 

present invention and that of the recombinant SOD/HCV G-i-W-„ 
protein based HCV-EIA . In Fig. 2-1 a well-characterized HCV 
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antibody positive control at various serum dilutions was used 
as the test sample. In Fig. 2-2 a panel of serum specimens 
derived from serial bleedings of a single individual spanning a 
period of sero-conversion to anti-HCV reactivity were used as 
samples . 

Figs. 3-1 and 3-2 depict the frequency distribution of 
the HCV-EIA positivity, using Peptide IIG, represented by the 
signal to cutoff ratios obtained with 264 normal serum and 264 
normal plasma specimens from commercial sources. The mean s/c 
ratios for the negative (n=250) and screened out positive (i.e. 
n=14) serum specimens are 0.034 and 7.202 respectively; and for 
the negative (n*255) and positive (n»9) normal plasma specimens 
the mean s/c ratios are 0.084 and 7.089 respectively. 

Fig. 4 is a histogram depicting the immunoreact ivities 
of Peptide IIG with sera from individuals: (a) positive for 
HBsAg, (n»50); (b) positive for antibodies to HBc protein, 
(n»39); (c) with elevated (> 100 I.U./l.) alanine 
aminotransferase (ALT) enzyme activity, (n=174); (d) positive 
for antibodies to retroviruses HIV-1 (n-100), HIV-2 (n=10), 
HTLV-I/II (n-14); all asymptomatic, (total n«124); (e) with 
AIDS, ARC (N=200) or ATL (n=170) disease, (total n=270) ; and 
(f ) with autoimmune disease (n=20) . 

Fig. 5 provides a comparison between EIA results using 
the Peptides IIF and HID of the present invention and 
recombinant SOD/HCV G— iinT A as represented by their respective 
s/c ratios on a panel of repeatably reactive specimens (n=23) 
obtained from a random donor population. 

Figure 6 provides a comparison between a passive 
hemagglutination assay (PHA) , using Peptide IIG , and the 
recombinant SOD/HCV -e*=T0*u /t EIA as represented by their 
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respective P/C and s/c ratios for a panel of S0D/HCV^£=O£fl HCV 
EIA repeatably reactive specimens (n=20) obtained from a random 
donor population. For results obtained by the PHA , the 
agglutination pattern is quantitated by a specially designed 
optical reading instrument (manufactured by Olympus 
Corporation) where a P/C ratio of larger than 20 is considered 
negative whereas a P/C ratio of less than 20 is considered 
positive . 

Figure 7-1 provides a study of serum samples collected 
over a ten year period of time from a NANBH patient who 
sero-converted after receiving HCV infected blood. The samples 
were tested by two EIA formats designated as A (coated with 
Peptides IIF and II ID at 5 ug/mL each) and B (coated with 
Peptides IIF, HID and V at 5 ug/mL each) for comparison. The 
serum samples were provided by Dr. H. Alter of NIH. 

Figure 7-2 provides a kinetic study with serum 
samples, kindly provided by Dr. C. Stevens of New York Blood 
Center, from a hemodialysis patient who sero-conveited and 
contracted NANBH. These were tested by EIA format B (coated 
with peptides IIF, HID and V at 5 ug/mf.. each) . 

Figure 7-3 provides a second kinetic study with serum 
samples, kindly provided by Dr. D. Bradley of Center for 
Disease Control, from a chimpanzee which sero-converted after 
being inoculated with a well-characterized strain of HCV and 
contracted NANBH, also tested by EIA format B. 

Figures 8-1 and 8-2 depict the signal/cutoff ratio 
frequency distribution of both negative and positive serum 
specimens by a HCV-EIA format B . The results were obtained 
using 2035 low risk random blood donor specimens screen tested 
in a blood bank setting. 
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Figure 9 illustrates the inhibition by Peptide IV (an 
analogue) of binding of HCV specific antibodies to plates 
coated with peptides IID and IIIF at 5 ug/mL each at various 
peptide IV concentrations. 

Figure 10 provides a comparison between the peptide 
based HCV EIA (coated with Peptide IIH and V at 10 and 5 ug/mL 
respectively) and recombinant protein based HCV EIA using 
samples from 74 hemodialysis patients, kindly provided by 
investigators at the Japanese National Institute of Health. 

Figures 11-1, and 11-2 show the amino acid sequences 
of an immunodominant region of the postulated HCV structural 
(core or nucleocapsid) protein and precisely delineates the 
amino acid residues that contribute to the immunoreact ivities 
of these HCV peptides with four representative HCV antibody 
positive sera (Samples 1-4). The immunoreact ivities were 
measured as absorbance at 492nm by an EIA procedure. 

Figure 12-1, 12-2 and 12-3 are histograms depicting 
the frequency distribution of HCV positivity in 221 sera from 
individuals: (a) with AIDS, ARC (n-63); (b) positive for 
HBsAg , (n=50) ; (c) positive for antibodies to HBc protein, 
(n»22); (d) with elevated (>100 I.U./L) alanine 
aminotransferase (ALT) enzyme activity, (n=86) tested using 
three HCV EIA formats using Peptides IIH, V and VIIIE at 5, 3, 
and 2 ug/mL respectively (Format C) ; Peptides VI I IE , and IXD at 

2 and 2 ug/mL each (Format D) , and Peptides IIH and V at 5 and 

3 ug/mL each (Format A) . 

Figures 13-1, 13-2, 13-3, 13-4, 13-5, and 13-6 depict 
the signal to cutoff ratio frequency distribution of HCV 
positivity in low risk random donor specimens using three 
HCV-EIA Formats, A (13-1 and 13-2), C (13-3 and 13-4), and D 
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(13-5 and 13-6). The results were screen tested in a blood 
bank setting. 

Figure 14-1 provides a study of serum samples 
collected over a ten year period of time from a NANBH patient 
who sero-converted after receiving HCV infected blood. The 
samples were tested by a third EIA format designated as C 
(coated with Peptides IIH, V, and ttilE at 5, 3 and 2 ug/mL 
respectively) in comparison to two other EIA formats 
(designated as A and B . ) 

Figure 14-2 provides another kinetic study with serum 
samples, kindly provided by Dr. D. Bradley of Center for 
Diseases Control, from a chimpanzee which sero-converted after 
being inoculated with a well-characterized strain of HCV and 
contracted NANBH. These samples were tested by the HCV EIA 
Format C, in comparison to a RIA using rDNA based HCV C-100 
protein as the antigen. The ALT levels are also indicated with 
each bleed as a reference parameter. 

Figures 15-1 and 15-2 both provide a side-by side data 
comparison via x-y plots with samples from hemodialysis 
patients, kindly provided by investigators at the Japanese 
National Institute of Health. The results were obtained by 
using the peptide based HCV EIA Format C (coated with peptides 
derived from both the structural and non-structural proteins 
containing IIH, V and VIIIE at 5, 3, and 2 ug/mL respectively), 
HCV EIA Format A (coated with peptides derived from the 
nonstructural protein region containing IIH and V at 5 and 
3ug/mL respectively), and the recombinant HCV C-100 protein 
based EIA. 
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follows: 

A=Ala=alanine, 
RssA rg«arginine, 
D»Asp»aspartic acid, 
N«=Asn=asparagine, 
Q«Gln=glutamine, 
E=Glu«glutamic acid, 
L«Leu=leucine, 
K«Lys=lysine, 
H=His«histidine, 
T«Thr»threonine, 

G=Giy=giy cine ' 
I^Ile-isoleucine, 

F=Phe«phenylalanine, 

S=Ser»serine, 
W=Trp=tryptophan, 
y=Tyr= tyrosine , 
V=Val=valine , 
OCys-cysteine, 
p=Pro»proline, 
M=Met«methionine 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the present invention, three 

t-, have been chemically synthesized 
peptides and their segments have 

L the detection or antibodies to HCV in hody flux*., 
tor tne , . f healthy mammals 

gnosis of NANBH , and for the vacc.nat.on of 
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by stimulating the production of antibodies to HCV. These 



peptides are arranged in the following sequences: 

( i) Glu-Glu-^B 6r CyG -Gln-His-Leu-Pro-Tyr-I le-Glu-Gln- 
Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala-Glu- 
Val-Ile-Ala-Pro-X 

( ii) Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- 
Gln-Lys-Ala-Leu-Gly-Leu-X 

(iii) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gl y-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X 

(iv) Cys-Val-Val-Ile-Val-Gly-Arg-Val-Va'l -Leu-Ser-Gly- 
Lys-Pro-Ala-Ile~Ile-Pro-Asp-Arg- M lu-Va 1-Leu-Tyr- 
Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His- 
Leu-Pro-Tyr-Ile-X 

(v) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-X 

{ vi) Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-iJln-Thr-Ala-Ser- 
Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr- 
Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp-Ala-Lys-His- 
Met-Trp-Asn-Phe-X 

(vii) Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln- 
Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln- 
Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn-Trp- 
Gln-Lys-Leu-Glu-Thr-X 



(I) 



(II) 



(IIH) 



(III) 



(IV) 



(V) 



(VI) 



(viii) Pro-Gly-Ala-Leu-Val-Val-Gly-Val-Val-Cys-Ala-Ala- 
Ile-Leu-Arg-Arg-His-Val-Gly-Pro-Gly-Glu-Gly-Ala- 
Val-Gln-Trp-Met-Asn-Arg-Leu-Ile-Ala-Phe-Ala-Ser- 
Arg-Gly-Asn-His-Val-Ser-Pro-X 

( ixV- Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg~Lys~Thr~Lys-Arg- 
^™jki«-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Afly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr.-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 
Arg-X, and 

(x) Gly-Arg-Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg-Pro- 
Glu-Gly^-Arg-Thr-Trp^Ala-Gln-Pro-Gly-Tyr-Pro-Trp- 
Pro-Leif^tr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly- 
Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
Gly-X 



wherein X is -OH or -NH2- 



(VII) 



(VIII). 



(IX) 
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These peptides may comprise combinations or segments, 
i.e. longer or shorten peptide chains by having more amino 
acids added to the terminal amino acids, or by amino acids 
removed from either terminal end. 

These peptides may also comprise analogues to 
accommodate strain-to-strain variations among different 
isolates of HCV. HCV is indicated to have frequent mutations. 
Therefore, it is expected that variant strains, such as J-l and 
J-4 (see reference #27), exist. Adjustments for conservative 
substitutions and selection among the alternatives where 
non-conservative substitutions are involved, may be made in the 
prescribed sequences. It is expected that as long as the 
peptide's immunoreact ivity recognizable by the antibodies to 
HCV is preserved, analogues of the synthetic peptide may also 
comprise substitutions, insertions and/or deletions of the 
recited amino acids of the above sequence. 

These peptides may also comprise conjugates, i.e., 
they may be coupled to carrier proteins such as bovine serum 
albumin (BSA) or- human serum albumin (HSA) . Furthermore, these 
peptides may comprise polymers, i.e., they may be synthesized 
on a polymeric resin, such as a branching octameric lysine 
resin. 

The amino acid sequences of. the polypeptides useful as 
test reagents for the detection of antibodies to HCV in body 
fluids and diagnosis of NANBH are selected to correspond to a 
partial segment of the amino acid sequence of the HCV 
proteins: a non-structural protein designated as HCV 
C-100(18), and a structural protein such as the core 
(nucleocapsid) protein (27). 
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In selecting regions of the HCV protein for epitope 
analysis, peptides in the 40mer size range with amino acid 
sequences covering the complete HCV C-100 protein and the 
postulated core protein were synthesized. These were tested 
for their immunoreactivity with serum from a patient positively 
diagnosed with HCV infection. Six overlapping peptides from 
the HCV C-100 protein region designated as I , II, III, IV, V 
and VI and two adjacent peptides form the postulated core 
protein region designated as VIII and IX were identified to 
have specific immunoreactivity with the positive HCV serum. 
Another peptide VII and its fragments, C-terminal to this 
immunodominant region, was also found to have moderate 
immunoreactivity with a sub population of HCV positive sera. 
See Example 12. Peptide IIH, another analogue of Peptide II, 
with five additional amino acids to the N-terminus has been 
found to be highly immunogenic and conLnins an additional 
epitope recognizable by antibodies in sera from patients with 
acute phase NANBHV infection (with elevated ALT levels). The 
amino acid sequences of the peptides are as follows: 



(i) 



Glu-Glu-&efr^ys-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln- 
Gly-Met-^Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-G ly-Leu-Leu-Gln-Thr-Ala-Ser-Arg -Gin-Ala -Glu- 
Val-Ile-Ala-Pro-X 



(I) 



(ii) 



Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-G J.u-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- 
Gln-Lys-Ala-Leu-Gly-Leu-X 



(II) 



(iii) 



Ser-Gly-Lys -Pro-Ala- lie- I le-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X 



(IIH) 



(iv) 



Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val-Leu-Ser-Gly- 
Ly s -Pro-Ala- lie- I le-Pro-Asp-Arg-G lu-Val-Leu-Tyr - 
Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His- 
Leu-Pro-Tyr-Ile-X 



(III) 
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(v) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-X 

(vi) Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser- 
Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr- 
Asn-Trp-Gln-Lys-Leu-Glu~Thr-Phe-Trp-Ala-Lys-His- 
Met-Trp-Asn-Phe-X 

(vii) Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln- 
Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln- 
Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn-Trp- 
Gln-Lys-Leu-Glu-Thr-X 

(viii) Pro-Gly-Ala-Leu-Val-Val-Gly-Val-^al-Cys-Ala-Ala- 
I le-Leu-Arg-Arg-His-Val-Gly-Pro (Uy-Glu-Gly-Ala- 
Val-Gln-Trp-Met-Asn-Arg-Leu-Ile-AJa-Phe-Ala-Ser- 
Arg-Gly-Asn-His-Val-Ser-Pro-X 



(ix) 



^Sgr-Thr-Ile-Pro-Lys-Pro-Gln-Arcj-l.ys-Thr-Lys-Arg- 
\gi&-Thr-Asn-Arg-Arg-Pro-Gln--Asp-Val-Lys-Phe-PrO" 
^ly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-i/ro-Arg-Gly-Arg- 
Arg-X, and 

Gly-Arg-Arg-Gln-Pro-Ile-Pro-Ly.s- VHl-Arg-Arg-Pro- 
Glu-Gly^Ajg-Thr-Trp-Ala-Gln-Pro-*; ly-Tyr-Pro-Trp- 
Pro-Leu3*te-Gly--Asn-Glu-Gly-Cys- ■<; I y-Trp-Ala-Gly- 
Trp-Leu^lTeu-Ser-Pro-Arg-Gly-Sei -Arg-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arcj-Ser-Arg-Asn-Leu- 
Gly-X 



(IV) 



(V) 



(VI) 



(VII) 



(VIII) 



(IX) 



The six peptides I, II, III, IV, V and VI span a 
region of 90 amino acids: 



Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val-Le\i-Ser-Gly-Lys-Pro-Ala-Ile- 
I le-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-GJ.u-Phe-Asp-Glu-Met-Glu-Glu- 
CySpjSer-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu- 
p Gln-3fe«-Lys-Gln-Lys-Ala-LeU"Gly-Leu-Leu-Gln-Thr-Ala~Ser-Arg-Gln- 
~%*^G'lu--Val-Ile-Ala--Pro-Ala-Val-Gln-Thr-Asn--Trp-Gln-Lys-Leu-Glu- 
'rhr-Phe-Trp-Ala-Lys-His-Met-Trp-Asn-Phe 



and were found to have specific immunoreact ivity with the 
positive control serum. Table 1 shows the amino acid sequence 
of this immunodominant region of the HCV protein, and presents 
the amino acid sequence of the six chemically synthesized 
peptides, designated as I to VI and segments (A to H) thereof. 
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Another two peptides (VIII and IX) spanning a region 
of 119 amino acids located inside the 5' terminal of the 
postulated HCV core protein: 

Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg-^Jry-Thr-Asn-Arg 
Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly 
Val-Tyr-Leu-Leu-Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Alg-Thr 
Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-Gln-Pro-Ile 
Pro-Lys-Val-Arg-^Arg-Pro^Glu-Gly-Arg-Thr-Trp-Alg-Gln-Pro-Gly-Tyr 
Pro~Trp-Pro-Leu^^rr-Gly-Asn-Glu-Gly--Cys-Gly-Trp-Alg--Gly--Trp-Leu 
Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro-Arg 
Arg~Arg-Ser-Arg-Asn-Leu-Gly-X 

were found to have specific immunoreaclivi ty with a 
representative panel of well-characterized HCV antibody 
positive sera. 

Table 7 shows the amino acid sequence of this 
immunodominant region of the postulated HCV core protein, and 
presents the amino acid sequence of the ten chemically 
synthesized peptides. They were designated, as Peptides VIII 
and IX with segments (A to D) thereof. Each of these peptides 
was coated at 5ug/mL in a lOmM sodium bicarbonate buffer (pH 
9.5) onto polystyrene microwell plates and tested in a three 
step 4 5 minute enzyme immunoassay p/o cc cUmt^ *(*tcr\beJ( 
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procedure, awerrbgd-^iprpi nhp.lnw, with a— p-aite^— o~t hiv anetbudy" 
gos i tivQ ccra, wh .selected 5ns mpruumil o- t i ve of a .p a-rt4reiriraf- 
•e- linical populoliun, dl ' Vdiiuus arertrm flilulions v Calculations 
based on the overall EIA absorbance of all positive sera 
yielded an array of immunoreactivity indices represented as 
% relative immunoreactivity for each of the synthetic HCV 
peptides. Three peptides, designated as IIF, IIH and HID, 
being 40 mer, 47 mer and 30 mer in size, with the following 
amino acid sequence respectively; 

Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu- 
Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-lle-Glu- 
Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys- 
Ala-Leu-Gly-Leu ( IIF) 

Ser-Gly-Lys -Pro-Ala- He- I le-Pro-Asp-Aiy-G 1 u-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-G*J.u -Cy.s-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu (IIH) 

and 

Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Aro-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile ( HID) 

were found to have the highest immunoreactivity with the sera 
panel. The relative (%) immunoreactivity for each of the 40 
HCV peptides listed in Tables 1 and 7, as a result of this 
extensive epitope mapping study, provides a basis for the 
delineation of several clusters of amino acid residues (as 
underlined), each in a prescribed sequence, that are involved 
in or relevant to the antigenic configuration of the HCV 
peptides. Two peptides, designated as VIIIE and IXD being 
filmer and 56mer in size are respectively located within the HCV 
structural core protein region with the following amino acid 
sequences: 
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Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg ^ia - 
Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro-Gly-Gly- 
Gly-Gln-lle-Val-Gly-Gly-Val-Tyr-Leu-Leu-Pro-Ar gorg- 
es ly-Pro-Arg-Leu-Gly-Val-Arg -A lg-Thr-Arg-Lys-Thr-Ser- 
Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-X (VI I IE) 

Gly Argr^g-Qlu^Piu --Ile-Pro-Lys-Val-Arg-Arg-Pro-Glu- 
£l^Arg^p5to-Trp-Alg-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu- 
Thr- Glv^sn-Glu-Glv-Cvs-Glv-Trp-Ala-Glv-Trp-Leu-Leu- 
St>r-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro-Thr-Asp- 
Fro-Arg-Arg-Arg-Ser-Arg-Asn-Leu-Gly-X ( IXD) 

Peptides XIIIE and IXD were also found to have the highest 
reactivity in this region. 

Assays for antibodies to HCV based upon chemically 
synthesized peptides show several advantages over assays 
utilizing biologic based immunoadsorbent.s . The peptides can 
easily be synthesized in gram quantities by using automated 
solid-phase methods, thus providing a reproducible antigen of 
high integrity with consistent yields. The presence of other 
antigens from biological systems precludes such 
reproducibility. More importantly, non-specific reactivities 
seen in uninfected individuals are likuJy tu be due to the 
heterogeneity of the preparations used Cor assay. This is 
particularly true for assays using biologically based 
immuno adsorbents . In these processes, the host antigens are 
frequently co-purified with the desired viral protein(s). 
Antibodies to these contaminating antigens are frequently found 
in normal individuals, thus resulting in false-positive results. 

The assay of the present invention clearly minimizes 
such false-positive reactions as encountered in the other assay 
systems and, at the same time, shows a high sensitivity to 
truly positive sera by the substantially increased 
signal-to-noise ratio. This increased signal-to-noise ratio 
probably resulted from the purity of the . immunoadsorbent . The 
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assay of the present invention is also highly specific, in that 
the mean S/C ratios for HCV carriers are about 80-200 times the 
mean S/C of those of the non-infected individuals. For a 
representative example, see Figs. 3-1 and 3-2. 

The peptides useful as solid phase immunoadsorbents 
for the detection of antibodies to HCV were synthesized by the 
"classical" Merrifield method of solid phase peptide synthesis 
using side chain protected t-Boc-amino acids to correspond to 
the following amino acid sequences: 

(i) Glu-Glu- Sor Cyc -Gln-His-Leu-Pro-Tyr -I le-Glu-Gln- 
Gly-Met-faet-Leu-Ala-Glu-Gln-Phe-Ly s-Gln-Lys-Ala- 
Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala-Glu- 
val-Ile-Ala-Pro-X 

(ii) Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr:-Arg-Glu-Phe- 
Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln»l!j s-Leu-Pro-Tyr- 
Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-oiu-Gln-Phe-Lys- 
Gln-Lys-Ala-Leu-Gly-Leu-X 

(iii) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met; <;j.u-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln- Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys~Ala-i.eu-Gly-Leu-X 

(iv) Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val-Leu-Ser-Gly- 
Lys -Pro-Ala- lie- I le-Pro-Asp-Ary-G 1 u-Val-Leu-Tyr- 
Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His- 
Leu-Pro-Tyr-Ile-X 

(v) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-X 



(I) 
(ID 
(IIH) 
(III) 
(IV) 



(vi) Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser- 
Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr- 
Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp-Ala-Lys-His- 
Met-Trp-Asn-Phe-X (V) 

(vii) Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln- 
Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln- 
Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn-Trp- 
Gln-Lys-Leu-Glu-Thr-X (VI) 

(viii) Pro-Gly-Ala-Leu-Val-Val-Gly-Val-Val-Cys-Ala-Ala- 
Ile-Leu-Arg-Arg-His-Val-Gly-Pro-Gly-Glu-Gly-Ala- 
Val-Gln-Trp-Met-Asn-Arg-Leu-Ile-Ala-Phe-Ala-Ser-/ 
Arg-Gly-Asn-His-Val-Ser-Pro-X ' (VII) 
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^^««-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
^ly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arp-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thir-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 
Arg-X, and (VIII) 

(x) G ly-Arg-Arg -Gin-Pro- II e-Pro-Lys-Val-Ar g-Arg-Pr o- 
Glu-Gly^Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp- 
Pro-Leu-¥tHf-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly- 
Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Ara-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
Gly-X (IX) 

wherein X is -NH 2 . 

Other analogues, segments and combinations of these 
peptides may be prepared by varying the amino acid sequences 
either by adding, subtracting, substituting, or deleting 
desired t-Boc-amino acid(s) . 

Following completion of assembly of the desired 
blocked peptide on the resin, the pept irie-resin is treated with 
anhydrous hydrofluoric acid to cleave t he peptide from the 
resin. Functional groups of amino acids which are blocked 
during synthesis by benzyl-derived blocking groups are also 
cleaved from the peptide simultaneously. The free peptide is 
then analyzed and purified by high performance liquid 
chromatography (HPLC) and characterized biochemically by amino 
acid analysis. 

Longer peptides with more than about 50 amino acids 
may also be prepared conveniently using well known recombinant 
methods. The known nucleic acids codons for each of the amino 
acids in the peptide may be utilized and synthetic genes 
encoding such peptides constructed. The synthetic gene may be 
inserted into vector constructs by known techniques, cloned and 
transfected into host cells, such as E. coli, or yeast. The 
secreted polypeptide may then be processed and purified 
according to known procedures. The peptides synthesized 
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according to the above described procedures are highly reactive 
with antibodies to HCV and can be used as a highly sensitive 
and specific immunoadsorbent for the detection of antibodies to 
HCV. 

Figs. 1-1, 1-2, 1-3 and 1-4 and Figs 11-1 and 11-2 
show the amino acid sequences of the immunodominant regions of 
HCV proteins, both structural and non-structural, and precisely 
delineates, in the case of the non-structural protein HCV C-100 

region, the underlined amino acid residues that contribute ( 

marginally, moderately, or * — * strongly) to the 

immunoreactivities, measured at A492nm by a peptide based EIA 
procedure of these HCV peptides with four representative HCV 
antibody positive sera. 

The peptide based EIA procedure used to measure the 
immunoreactivity of each peptide is as follows. IOOuL per well 
of each of the peptides was coated at Sng/mL in a pH 9.5 sodium 
bicarbonate buffer (lOmM) onto a polystyrene microwell plate 
and the microwell plate was incubated at 37°C for about an 
hour, washed and dried. The test serum samples were diluted 
with PBS containing normal goat serum, gelatin and TWEEN 20. 
200uL of the test serum sample solution was added to each well 
and allowed to react for 15 mins. at 37°C. The wells were 
washed, enzyme labelled antibodies were used to bind the 
HCV-antibody-peptide complex, and the plate was incubated for . 
another 15 min. A color developer, e.g. orthopheny lenedi amine 
(OPD) , was then added. The reaction was stopped after 15 min 
by the addition of 50uL 1.0M H 2 S0. 4 , and the absorbance of 
the reaction mixture was read at 492nm with an EL.ISA reader. 

As demonstrated in Fig. 1-1, serum sample 1 has little 
reactivity with Peptide IA and IB. However, its reactivity 

- 37 - 



with Peptide IC increases significantly, followed by a marginal 
increase with Peptide ID, and additional increases with 
Peptides IE and IF. This indicates that, in the HCV Peptide I . I , 
series, two clusters of amino acid residues, namely LAEQF^ and 
HLPYJ$™are contributing to the antigenic determinant (s) of the 
HCV Peptide I. Similarly, a cluster of residues namely 

yjAs-tof}- Ctu-^pjjUp^ ftca-iMtc pu*. ^ty-tu a^*— 

^ECSQHLPYI£rs contributing to the immunoreactivity of the HCV 

Peptide II series; another cluster of residues namely 

J SGKPAIIPDrHcs contributing to the immunureactivity of HCV 
^ &U~U± -U*?&. <^^ 1 

Peptide III series and two clusters of res i dues , <7namely^LLQT<W<__ 

and^VIAPjpSTire contributing to the immunoreactivity by HCV 

peptides IV and V series. As shown on the bottom of Fig. 1-1, 

a total of six spaced clusters of amino acid residues 

representing discontinuous epitopes in this immunodominant 

region of the HCV protein are identified as contributing to the 

specific HCV immunoreactivity with serum sample 1. 

Figure 1-2 illustrates an immunoreactivity profile for 

serum sample 2 when tested on a total of 31 overlapping 

peptides in the HCV Peptide I, II, III, IV, V and VI series.. 

There is a clear difference between the immunoreactivity 



profiles of serum samples 1 and 2. The immunodominant epitope, 
^bsj-&lM-&f- px&^Mo^c^JL- ,us-itt. - Ps-r-fjjo* -&ef> -Cus} ~ Ml &~ 

as mar ke a by residues .SGKPA and. IIPDREV^is located towards the 

A — /V- — yu- 

N-terminus of the region. 

Figure 1-3 illustrates an immunoreactivity profile for 
serum 3 when tested on the same 31 HCV peptide panel. Through 
this extensive epitope mapping analysis, serum sample 3 was 
found to have a similar immunoreactivity profile to that of 
serum sample 2. 
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Figure 1-4 illustrates an immunoreactivity profile for 
serum sample 4 which differs significantly from that of sample 
2 and 3, while maintaining some similarity to that of sample 1. 

In summary, epitope mapping analysis conducted with a 
series of 31 overlapping peptides covering an immunodominant 
region of the HCV non-structural protein, which spans a total 
of 90 amino acid residues as illustrated in Table 1, and an 
immunodominant region of the HCV structural core protein, which 
spans a total of 119 amino acid residues as illustrated in 
Table 7, reveals a varying degree of immunoreactivity among 
different HCV antibody positive sample;; and these HCV 
peptides. Based on overall EIA absorbance readings obtained 
with a panel of eight HCV positive sera with each of these 31 
HCV peptides (Table 2), a relative (%) immunoreactivity index 
is established for each of the peptides and several clusters of 
amino acid residues are identified as contributing strongly, as 
in the cases of Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg and 
Glu-Val-Ile-Ala-Pro; moderately, as in the cases of 
Ser-Gly-Lys-Pro-Ala, Glu-Val-Leu-Tyr-Arg-Glu-Phe , 
Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly; and 
Leu-Ala-Glu-Gln-Phe-Lys-Gln; or marginally, as in the case of 
Lys-Gln-Lys-Ala-Leu, to the HCV immunoreactivity. 

Similarly, the relative immunoreactivity of Peptide 
VIII and IX and their analogue-segments are presented in Table 
7 . 
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Based on the above-mentioned epitope mapping study, 
four representative EIAs were configurated using Peptide IIG 
alone, a mixture of two Peptides IIF and HID, a mixture of 

i 

IIF, I I ID and V, or a mixture of IIH and V as the solid phase 
antigen. 

Figs. 2-1 and 2-2 depict the comparison, by signal to 
cutoff ratio, between the peptide based HCV-EIA employing 
Peptide IIG, at 5 ug/mL coating concentration, and that of 
recombinant SOD/HCV G-W^ protein based HCV-EIA. In Fig. 2-1, 
.a well-characterized HCV antibody positive control at various 
serum dilutions was used as the sample. In Fig 2-2, a panel of 
serum specimens derived from serial bleedings of a single 
individual spanning a period of sero-conversion to anti-HCV 
reactivity was used. Similar dilution titers and equal ability 
to identify date of sero-conversion, the two parameters 
indicative of the sensitivity of each assay, are obtained with 
the synthetic peptide based EIA according to the present 
invention and rDNA HCV C-100 based EIA , except that the peptide 
based assay according to the present invention is more 
sensitive, conferring a higher signal to cutoff ratio to its 
positive specimens. 

Fig. 3-1 and 3-2 depict the frequency distribution of 
the-' synthetic peptide based HCV-EIA signal to cutoff ratios, 
using Peptide IIG at 5ug/mL as the coating concentration, 
obtained with 264 normal serum and 264 normal plasma specimens 
from commercial sources. The mean s/c ratios for the negative 
(n=2 , i0) and screened out positive (i.e. n=14) serum specimens 
are 0.034 and 7.202 respectively; for the negative (n«255) and 
positive (n=9) normal plasma specimens the mean ratios are 
0.084 and 7.089 respectively. A sharp contrast between the 
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screened out positives and all the negatives is obtained with 
the peptide based HCV-EIA of the present invention. 

Based on the high degree of sensitivity and 
specificity of the peptide compositions according to the 
present invention in their immunoreact ivities to antibodies to 
HCV, it is believed that the peptide compositions according to 
the present invention may also be useful as vaccines to prevent 
NANBH , and as immunogens for the development of both monoclonal 
and polyclonal antibodies to HCV in mammals, including humans. 
The peptide compositions when coupled to a protein, or 
synthesized on a polymeric carrier resin (e.g., an octameric 
branching lysine resin) or when polymerized to homo or hetero 
dimers or higher oligomers by cysteine oxidation, induced 
disulfide cross linking, or by use of homo or hetero functional 
multivalent cross linking reagents, can be introduced to normal 
subjects to stimulate production of antibodies to HCV in 
healthy mammals. 

The advantages of using the peptides according to the 
present invention are many. 

Since the peptide compositions according to the 
present invention are not derived biologically from the virus, 
there is no danger of exposing the normal subjects who are to 
be vaccinated to the disease. 

The peptides can be chemically synthesized easily. 
This means that there is no involvement with the HCV at any 
time during the process of making the test reagent or the 
vaccine. Another problem which can be minimized by the process 
of. the present invention is the false positive results caused 
by the presence of antigenic materials from host cells 
co 7 purified with the HCV fusion protein. Certain normal 
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individuals have antibodies to E. tloli or yeast proteins which 
are cross reactive with the antigenic materials from host 
cells. Sera from these normal individuals may show a positive 
response in the immunoassays. 

Further, with appropriate amino acid modifications or 
substitutions, it is expected that various peptide analogues 
based on the prescribed amino acid sequence can be synthesized 
with properties giving rise to lower background readings or 
better binding capacity to solid phases useful for HCV antibody 
screening assays. 

Moreover, because the peptide compositions of the 
present invention are synthetically prepared, the quality can 
be controlled and as a result, reproducibility of the test 
results can be assured. Also, since very small amounts of 
peptides are required for each test procedure, and because the 
expense of preparing the peptides is relatively low, the cost 
of, screening body fluids for antibodies to HCV, diagnosis of 
NANBH infection, or the preparation of a vaccine is relatively 
low. ; 

The peptides prepared in accordance with the present 
invention can be used to detect HCV infection and diagnose 
NANBH by using them as the test reagent in an enzyme-linked 
immunoadsorbent assay (EL ISA) , an enzyme immunodot assay, an 
agglutination based assay, or other well-known immunoassay 
devices. The preferred method is ELISA. The EL ISA technique 
is exemplified in Examples 1, 2, 8-10, 12 and 14-18 and the 
agglutination based assay in Examples 3 and 4. The Examples 
are used to illustrate the present invention and are not to be 
used to limit the scope of the invention. 
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It is to be noted that in the following methods, 0.25% 
by weight of glutaraldehyde may be added to the coating buffer 
to facilitate better peptide binding onto the plates or beads. 
Further, horseradish peroxidase (HRPO) conjugated mouse 
monoclonal anti-human IgG antibody or the HRPO conjugated 
second antibodies from any other animal species may be used in 
Place of the HRPO-conjugated goat anti-human IgG as the second 
antibody tracer. 

The gelatin used in these processes can include calf 
skin gelatin, pig skin gelatin, fish gelatin or any known 
available gelatin proteins, or be replaced with albumin 
projbeins. 

EXAMPLE 1 

Measurement of Relative (%) Immunoreact ivity for 
u S X nthetl °. P e P tide covering an immunodominant region of 
the nvv protein QiPQ by an Enzyme-kink ed .i mmunosorbent- Ag gay 

Wells or 96-well plates were coated at 4«C overnight 
(or 1 hour at 37°C), with each of the thirty one peptides: IA 
to. IF, iia tq IIH, IIIA to IIIF, IV, V, VIA to VIE (see Table 
1) prepared as described at .5 ug/mL at 100 uL per well in 10mM 
NaHC0 3 buffer, P H 9 . 5 . The peptide coated wells were then 
incubated with 250 uL of 3% by weight of gelatin in PBS at 37°C 
for. 1 hour to block non-specific protein binding sites, 
followed by three washes with PBS containing 0.05% by volume of 
TWEEN 20 and then dried. The test specimens were diluted with 
PBS containing 20% by volume normal goat serum, 1% by weight 
gelatin and 0.05% by volume TWEEN 20 at dilutions of 1:20 ■ 
volume to volume, respectively. 200 uL of the diluted 
specimens were added to each of the wells and allowed to react 
for 15 minutes at 37°. 
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The wells were then washed six times with 0.05% by 
volume TWEEN 20 in PBS in order to remove unbound antibodies. 
Horseradish peroxidase conjugated goat anti-human IgG was used 
as a second antibody tracer to bind with the HCV 
antibody-peptide antigen complex formed in positive wells. 100 
uL of peroxidase labeled goat anti-human IgG at a dilution of 
1:1800 in 1% by volume normal goat serum, 0.05% by volume TWEEN 

20 in PBS was added to each well and incubated at 37°C for 

•j 

another 15 minutes. 

The wells were washed six times with 0.05% by volume 
TWEEN 20 in PBS to remove unbound antibody and reacted with 
lOOuL of the substrate mixture containing 0.04% by weight 
orthophenyleriediamine (OPD) and 0.12% by volume hydrogen 
peroxide in sodium citrate buffer, pH 5.0. 

This substrate mixture was used to detect the 
peroxidase label by forming a colored product. Reactions were 
stopped by the addition of 100 uL of 1.0M H 2 S0 4 and the 
absorbance measured using an EL ISA reader at 492nm (i.e. 
A 492^ " Assa X s w ere performed in singlet at one specimen 
dilution (1:20) with a panel of eight representative HCV 
antibody positive sera, along with the specimen diluent blank, 
non-reactive, weakly reactive and strongly reactive controls 
(NRC, WRC, SRC) all in duplicates. 

Results obtained from this study are shown in Table 
2 .. According to the EIA absorbance readings at 492nm (y axis) 
and the amino acid sequences for each of the corresponding HCV 
peptides (x axis), representative immunoreactivity profiles are 
plotted for four of the eight sera as shown in Figures 1-1 to 
1-4. Relative (%) immunoreactivity index for each of the 31 
peptides is calculated using Peptide HID as a reference based 
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on the total absorbance of eight sera at 492nm (See Tables 1 
and 2). Fig*, 1 shows the amino acid sequences of the 
immunodominant region according to data presented in. Tables 1 
and 2, and precisely delineates the amino acid residues 

(underlined) that contribute ( marginally, moderately, 

and strongly) to the immunoreact ivit ies . 

In summary, epitope mapping analysis conducted with a 
series of 31 overlapping peptides covering an immunodominant 
region of HCV, spanning a total of 90 amino acid residues as 
illustrated in Table 1, reveals a varying degree of 
immunoreactivities between different HCV antibody positive 
samples and these HCV peptides. Based on this study, several 
discontinuous epitopes are located within this immunodominant 
region. Contrary to what is speculated by the conventional 
wisdom, it is found preferably to have peptides with longer 
amino acid chains, ideally longer than 20, synthesized in order 
to optimally present these antigenic determinants to HCV 
antibodies . 

Based on the above-mentioned epitope mapping study, 
four representative EIAs using peptide IIG alone, or a mixture 
of -Peptides IIF and IID, or a mixture of IIF, HID and V, or a 
mixture of IIH and V as the solid phase antigen were 
configurated for the following efficacy studies as demonstrated 
in Examples 2, 8, 9, 10 and 12. 

\ EXAMPLE 2 

Detection of Antibodies to HCV by an 
— Enzyme-Linked Immunosorbent Assay 

Wells of 96-well plates were coated at 4°C overnight 

(or for 1 hour at 37°C) with either Peptide IIG alone at a 

coating concentration of 0 . 5ug per well (designated as IIG EIA) 
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or with a mixture of two Peptides IIF and HID (designated as 
IIF'/IIID EIA) in a ratio by weight of IIF:IIID«1:1 at 1 ug per 
well of the mixture in 100 uL lOmM NaHC0 3 buffer pH 9.5. The 
peptide coated wells were then incubated with 250 uL of 3% by 
weight of gelatin in PBS at 37°C for 1 hour to block 
non-specific protein binding sites, followed by three more 
washes with PBS containing 0.05% by volume of TWEEN 20 and 
dried. 

The .test specimens were diluted wi th PBS containing 
20% by volume normal goat serum, 1% by weight gelatin and 0.05% 
by volume TWEEN 20 at dilutions of 1:20 volume to volume, 
respectively. 200 uL of the diluted specimens were added to 
each of the wells and allowed to react for 15 minutes at 37°. 

The .wells were then washed six times with 0.05% by 
volume TWEEN 20 in PBS in order to remove unbound antibodies. 
Horseradish peroxidase conjugated goat anti-human IgG was used 
as a second antibody tracer to bind with the HCV 
antibody-peptide antigen complex formed in positive wells. 100 
uL. of peroxidase labeled goat anti-human IgG at a dilution of 
1:1800 in l%.'by volume normal goat serum, 0.05% by volume TWEEN 
20 in PBS was added to each well and incubated at 37°C for 
another 15 minutes. 

The wells were washed six times with 0.05% by volume 
TWEEN 20 in PBS to remove unbound antibody and reacted with 100 
uL of the substrate mixture containing 0.04% by weight 
orthophenylenediamine (OPD) and 0.12% by volume hydrogen 
peroxide in sodium citrate buffer, pH 5.0. This substrate 
mixture was used to detect the peroxidase label by forming a 
colored product. Reactions were stopped by the addition of 100 
uL of 1.0M H 2 S0 4 and the absorbance measured using an ELISA 
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reader at 492nm (i.e. A 492 ) ; Assays were performed in 
singlet at one specimen. dilution (1:20) with all test 
specimens. Each plate run is accompanied by a panel of ei;ght 
controls including the specimen diluent blank, negative, weak 
HCV reactive and strong HCV reactive controls, all in 
duplicate. The strongly reactive control was adjusted by* 
diluting a HCV positive serum in the specimen dilution buffer 
at 1:300, which gave an absorbance value at 492nm of about 1.5 
when performed in this standard 45 minute assay procedure. A 
cutoff value is calculated based on the following formula: 
Cutoff = (0.1 x SRC) + NRC. Both the raw absorbance 
(designated as signal) and the ratio of signal to cutoff are 
reqorded for all specimens analyzed. 

The if ollowing groups of specimens were analyzed on the 
HCy, peptide based EIA according to the present invention, with 

the plates coated either with 5 ug/mL ot peptide IIG or a 

Xirj) 

mixture containing 5ug/mL IIF and 5ug/inJ, : 

(a) A well-characterized HCV antibody positive control 
based on serum dilutions; (on both IIG and IIF/IIID 
EIAs) 

(b) , a panel of serum specimens derived from serial 

bleedings of a single individual spanning a period of 
sero-conversion to anti-HCV reactivity; (on both IIG 
and IIF/IIID plates) 

(c) 264 normal serum and 264 normal plasma specimens from 
commercial sources; (on IIG plates only) 

(d) individuals positive for HBsAg , (n-30); (on both IIG 
and IIF/IIID plates) 

(e) individuals positive for antibodies to HBc protein, 
(n=39); (on both IIG and IIF/IIID plates) 
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(f) individuals with elevated (^00 I.U./L) alanine 
aminotransferase (ALT) enzyme activity, (n-174); (on 
both 1IG and IIF/IIID plates) 

(g) individuals positive for antibodies to retroviruses 
HIV-l<n-100), HIV-2(n»10), HTLV-I/II (n«14 ) ; all 
asymptomatic, (total n~124) ; (on both IIG and IIF/IIID 
plates) 

(h) individuals with AIDS, ARC(n=200) or ATL (n=170) 
disease, < total^ft-W-fr) ; (on both IIG and IIF/IIID 

. plates) and 

(i) individuals with autoimmune disease (n=20) . (on IIG 
plates only) 

£IOO~3 

(j) recombinant SOD/HCV O^vftir HCV-EIA repeatably reactive 

specimens obtained from a random donor population, 

, (n=?3). (on both IIG and IIF/IIID plates). 

i 

Results obtained from groups (a) and (b) are presented 
in Figs. 2-1 and 2-2 respectively (data obtained on IIG plates 
only), from group (c) in Figs. 3-1 and 3-2; from groups (d) to 
(i) in Fig. 4, from group (j) in Table 3 and Figs. 5 and 6, 

In brief, as shown in Figs. 2-1 and 2-2, a comparison, 
by-.signal to cutoff ratio, between the peptide based HCV-EIA of 
the present invention employing peptide IIG and that of 
recombinant SOD/HCV C—irffD^ protein based HCV-EIA produced by 
Chiron/Ortho . Similar dilution titers and equal ability to 

identify date of sero-conversion, the two parameters indicative 

i, 

of each assay's sensitivity, are obtained for both assays. 
However, the assay according to the present invention is more 
sensitive and confers a higher signal to cutoff ratio to its 
positive specimens. 
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Peptide 


SAMPLE 


HCV 


RPT 


RPT 


ALT 


Anti 


-HBc 


OTHER 


HCV-EIA 


ID 


No. 


S/C 


S/C 


S/C 


(IU/L) 


(S/C) 


POSITIVES 


S/C 


1 


161 


5.33 


' 5.56 


5.56 


36/56 


2. 


10 




11 


2 


280 


5.76 


5.56 


, 5.56 


78/56 


0. 


07 + 


HBC , ALT 


10 


3 


374 


1.98 


2.45 


2.45 


20/56 


1. 


97 




0.573 


4 


517 


5.79 


5,68 


5.68 


34/56 


2 . 


04 




11 


5 


561 


1.74 


2.75 


2.47 


21/56 


2. 


46 




0.172 


6 


675 


0,93 


1.33 


1.54 


29/$6 


1. 


98 




0.135 


7 


720 


5.68 


5.6B 


5.68 


57/56 


0. 


08 + 


HBc , ALT 


13 


8 


773 


5.56 


5.88 


5.88 


86/56 


2 . 


07 


HIV, ALT 


8.625 


9 


797 


3.79 


4.35 


4.29 


74/56 


0 


38 + 


HBc , ALT 


1. 802 


10 


869 


5.66 


5.59 


5.59 


35/56 


2 


45 




9.755 


11 


873 


5.66 


5.59 


5.59 


26/56 


2 


34 




1;189 


12 


1003 


1.63 


1.24 


1.01 


31/56 


2 


02 




0.078 


13 


1073 


5.73 


5.59 


5.59 


17/56 


0 


12 + 


HBc 


2.594 


1'4 


1099 


1.72 


1.76 


1.94 


10/56 


1 


84 




0.083 


15 


1118 


5;59 


5.79 


5.79 


10/56 


0 


31 + 


HBc 


10.5 


16 


1336 


0.93 


1.38 


1.38 


18/56 


2 


15 




0,010 


17 


1.501 


5.75 


5.67 


5.67 


36/56 


1 


.99 




5.349 


18 


1530 


1.27 


1.48 


1.50 


23/56 


2 


.30 




0.943 , 


19 


1557 


0.91 


1.29 


1.28 


20/56 


2 


.20 




0.385 


20 


1652 


2.06 


2.64 


2.72 


42/56 


1 


.72 




0.135 


21 


1877 


5.59 


5.63 


5.63 


65/56 


2.16 


ALT 


4.943 


22 


1940 


1.64 


1.47 


1.17 


29/56 


2.35 




0.052 


23 


2017 


5.60 


5.84 


5.84 


11/56 


0.19 + 


HBc 


6.786 


Col 


. 1, 2 , 3 , =Ortho ' s HCV results in 


s/c; Col 


5=ALT 


values 


over 




cutoff in 


IU/L; Col. 6=Abbott's Anti-HBc results in 


s/c where 




results UNDER 1.00 


are POSITIVE due the competitive binding 




principle 


of this 


assay. 
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As shown in Figs. 3-1 and 3-2, the frequency- 



distribution of the HCV-EIA signal to cutoff ratios, using 
peptide IIG at 5ug/mL as the coating concentration, that was 
obtained with 264 normal serum and 264 normal plasma specimens 
for commercial sources suggested a repeatably reactive rate of 
5.3% and 3.4% respectively. These percentages are relatively 
high compared with those reported in field clinical trials 
(usually 0.5-1.0%) using the rDNA HCV C-100 based EIA kit 
(Chiron/Ortho) . However, in the assay according to the present 
invention, the mean s/c ratios for the negative (n«250) and 
screened out positive (i.e. n=14) serum specimens are 0.034 and 
7.202 respectively; for the negative (n^=255) and positive (n=9) 
normal plasma specimens the mean ratios are 0.084 and 7.089 
respectively. Such a sharp contrast between the screened out 
positives and all the negatives probably precludes the 
likelihood of a high false positive rale. Since these normal 
specimens are derived from commercial plasma centers where the 
pai£ donors qsually represent a population with higher 
incidence of viral markers than the rigorously monitored blood 
banks, a higher repeatably reactive rate is also considered 
reasonable. .Previous clinical studies indicated that between 7 
to ;L0 percent of patients receiving transfusions developed 
NANBH, where 90% of these post-transfusion hepatitis cases are 
caused by the NANBHV( 5 ) . These reports also provide some 
support to the interpretation of the data obtained herein that 
a high reactivity represents a true positive result. 

; Results obtained from the screening of a total of 677 

well-characterized clinical specimens previously categorized 
into six groups, from (d) to (i) using a representative lot of 
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plates coated with Peptide IIG, were plotted on a histogram as 
shown in Fig. 4. 

Fifteen out of fifty (i.e. 30%) HBsAg carriers, 3 out 
of ; 39 (i.e. q%) HBc antibody positive individuals, 43 out of 
174 (i.e. 24=7%) individuals with elevated ALT enzyme activity, 
8 out of 124 (6.5%) asymptomatic individuals with retroviral 
antibodies, 6 out of 270 (i.e. 2.2%) individuals with 
retroviral related disease, and 0 out of 20 (i.e. 0%) 
individuals with autoimmune disease were found to be repeatably 
reactive with the peptide HCV EIA of the present invention 
using peptide IIG. All these positive specimens were also 
found to be positive when tested on pept-ides IIF/IIID HCV EIA, 
although with much higher s/c ratios. 

A much higher percentage of positive cases was found 
with those, who have abnormal liver functions (24.7%) or 
previous infection(s) with Hepatitis B (30% and 8%) when 
compared to those with other infections or diseases (e.g. 6.5%, 
2.2% and 0%) . 

No|:e: Sera from HBsAg carriers were kindly provided by the 
Infectious Diseases Laboratory of the American Red 
Cross; sera from HBc antibody positive donors were 
, h obtained from Boston Biomedica Inc.; sera from 

individuals with elevated ALT levels (>100 I.U./L) 
were obtained from both Boston Biomedica Inc. and NABI 
laboratory; sera from asymptomatic individuals with 
retroviral antibodies (HIV-1 and HTLV-l) were obtained 
. from New York Blood Center, and those with HIV-2 

antibodies were from Guinea Bissau of West Africa, 
kindly provided by Dr. O. Varnier of Italy,; sera from 
patients with ATL were kindly provided by the Japanese 
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Red Cross; sera from patients with AIDS and ARC , were 
kindly provided by Dr. D. Knowles at Columbia 
University College of Physicians and Surgeons, and Dr. 

F . Siegal at the Long Island Jewish Hospital; sera 

ji 

from patients with various complications of autoimmune 
diseases were kindly provided by Dr. N. Chiorazzi of 
the Cornell University Medical School. All sera have 
. been characterized by additional licensed serologic 
'markers before inclusion in the current study. 
Table 3 illustrates results obtained with the peptide 
based HCV EIA described in this invention on a panel of 23 
recombinant HCV EIA repeatably reactive specimens obtained from 
a random donor population. Data on each specimen's ALT level 
and HBc antibody reactivity are provided as supplemental 
information for indirect confirmation of NANBH status of the 
positive donors. As can be seen from the Table, all eight 
specimens with indirect confirmation of their NANBH status 
scored positive in the peptide based EIA according to the 
present invention (on both IIG and IIF/IIID plates) . In 
addition, four specimens that scored high on" the peptide based 
assay also scored as strong positives by the recombinant HCV 
EIA, thus further confirming the HCV positivity of these 
specimens. Only one specimen scored marginally positive on the 
peptide based HCV EIA, which lacks the other markers. However, 
this specimen scored positively with the recombinant HCV EIA. 
The remaining ten specimens that scored negative by the peptide 
based EIA according to the present invention all had a marginal 
s/cutoff ratio of between 0.9 to 2.6. Fig. 5 provides a direct 
correlation . between the peptide based HCV EIA of the present 
invention and the recombinant based HCV EIA by their respective 
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s/cutoff ratios for this panel. Thus, the peptide based HCV 
EIA of the present invention can clearly differentiate the 
repeatably reactive specimens previously screened out by the 
rDNA based HCV EIA into two distinct groups, a positive group 
which correlated highly to those with other known NANBH markers 
and a negative group which probably represents specimens with 
extraneous reactivities unrelated to HCV . in addition to its 
use as a screening assay, the peptide based HCV EIA may also 
function as a positive confirmatory test for the rDNA based HCV . 
EIA . 

Note: This well-characterized serum panel was kindly 

provided by Dr. C. Fang of the American Red Cross QC 
laboratory. 

EXAMPLE 3 

< Detection of Antibodies to HCV 
: By an Agglutination 3a.s.fefl Assajy 

The presently claimed HCV peptides, synthesized 
according to the Merrif ield solid phase method, can be 
conjugated to bovine serum albumin (BSA) by a simple 
crosslinking method in the presence of a low percentage of 
glutaraldehyde solution (0.025%), or- with other crosslinking 
reagents such as m-maleimidobenzoyl-N-hydroxysuccinimide ester 
(MBS) according to a previously published procedure 
(Biochemistry, 18:690-697, 1979). For example: to 0.32 mL. of 
a BSA solution (10 mg/mL in 0.01 M phosphate buffer, pH 7.0) at 
room temperature is added 0.013 mL of an MBS solution (0.025 
mg/mL in dimethylf ormamide) , The amount of MBS added to the 
BSA solution can be varied dependent on the optimal molar ratio 
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of;BSA to MBS determined for a specific conjugate studied. The 
mixture is stirred at room temperature for 1 hour, after which 
it is centrifuged to remove any precipitated albumin. The 
clarified mixture is then subjected to gel filtration on 
Sephadex G-25 and the protein-containing fractions, as detected 
by. their absorbance at 280 nm, are pooled and stored frozen at 
-70°C until needed. 

The peptides are dissolved in H 2 0 at 10 mg/mL. A 
predetermined amount of each peptide solution is added dropwise 
to the previously activated BSA-MBS solution and stirred at 
room temperature for 3 hours. The final peptide-BSA conjugates 
are ; separated from other free peptides by gel filtration or 
extensive dialysis. The ratio of peptide to BSA is determined 
by SDS-PAGE according to conventional methods. 

Using the above mentioned peptide-BSA conjugation 
process, conjugated peptide IIG-BSA was absorbed to double 
aldehyde fixed human O erythrocytes at pH 4.0. The 
peptide-conjugate coated erythrocytes were then treated with 
NaBH 4 to prevent non-specific protein binding. The 
peptide-conjugate coated erythrocytes were then washed with PBS 
and incubated with 5% normal human serurn-PBS solution. These 
processed cells were then used in an agglutination assay for 
the detection of HCV antibodies in both serum and plasma 
specimens. The specimens were diluted 1:10 in a sample diluent 
buffer and an equal volume of the indicator cells (50 uL) was 
mixed with the diluted specimens. The agglutination pattern 
was settled within one hour; and the assay results were read by 
the naked eye and further quantitated by an optical device 
(manufactured by Olympus Corporation) which gave a P/C ratio, 
as determined by the absorbance readings of the periphery and 
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center of the wells. In this experiment, a P/C ratio of 20 was 
set as the assay cutoff value, i.e. a positive agglutination 
pattern had a ratio of<20 and a negative pattern, >20. 

A total of 20 rDNA HCV EIA repeatably reactive 
specimens wer^e tested for antibodies to HCV in the 
above-described HCV passive hemagglutination assay (PHA) 
employing Peptide IIG-BSA conjugate as the solid phase. Figure 
6 provides a correlation study between the peptide based HCV 
PHA and the recombinant based HCV EIA by their respective P/C 
and s/c ratios. All samples with s/c ECA ratios higher than 3 
were found to be positive with the HCV L'HA test. With the 
exception of. ; one, all specimens having borderline s/c ratios 
(between 0.9 to 2) scored as negative in this PHA test. 

EXAMPLE 4 

Detection of Antibodies to HCV By An 
Agglutination Assay Utilizing As the Solid Phase 

Immunosorbent Gelatin Particles , Erythrocytes 
Of Different Animal Species, Or Latex Particles 
Coated with a Mixture of HCV Peptides 

One mL thoroughly washed erythrocytes, gelatin 
particles, or polystyrene latex particles are coated with the 
HCV peptide mixture, or conjugates thereof at an effective 
concentration. The peptide mixture, or conjugates thereof, 
coated cells or particles are then incubated with serially 
diiuted serum samples in the wells of a 96-well U-shaped 
microplate or on a slide. After being left at room temperature 
for about an hour, or a few minutes in the case of latex 
particle based microagg lutinat ion , the settled agglutination 
pattern on the bottom of each well or on the slide is read; and 
the highest dilution showing a positive reaction is recorded. 
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This is a one-step assay which can be used for both 
qualitative and quantitative detection of antibodies to HCV in 
specimens including sera or biofluids. 

EXAMPLE 5 

A t|st kit for detecting HCV antibodies using an 
agglutination assay comprises a compartmented enclosure 
containing multiple microwell plates and other accessory 
materials for an agglutination assay including (1) a bottle of 
HCV peptide coated erythrocytes, gelatin particles or latex 
polystyrene particles; (2) a negative control; and, (3) an 
inactivated HCV positive control, and (4) specimen diluent. 
The- procedure described in Examples 3 and 4 is to be followed. 

EXAMPLE 6 

An enzyme immunoassay based diagnostic test kit for 
the detectiori of HCV antibodies can be constructed. The test 
kit; . comprises a compartmented enclosure containing multiple 
96-well plates coated prior to use with the HCV peptide or 
peptide mixtures of the present invention in 100 uL pH 9.5 lOmM 
NatfCO^ buffer. The kit further comprises materials for 
enzyme detection in separate sealed containers consisting of: 
1) a negative control; 2) an inactivated HCV positive control; 
3) ^.specimen diluent; 4) peroxidase labeled-second antibody to 
human IgG; and 5) a color change indicator consisting of, for 
example, orthophenylenediamine (OPD) and hydrogen peroxide in a 
phosphate citrate buffer. The procedure described in Examples 
1 and 2 is to^ be followed. 

In this test kit, 96-well plates, precoated with a 
peptide or peptide mixture of the present invention, can be 
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replaced by polystyrene beads,or multiple mini-columns filled 
with controlled pore size glass beads, or nitrocellulose paper 
strip, precoated with the peptides of the present invention for 
use as the solid phase immunosorbent. 

P3EAMPLP 7 

■ Immunization with Octameric HCV 
Peptides for the Elicitation of Sustaining High 

: Titers of HCV Antibodies 

In addition to the use of synthetic HCV peptides as 
immunogens for the generation of sequence-related anti-HCV 
antibodies for the ultimate development u£ an epitope-based 
subunit NANBH vaccine, another approach using a limited 
sequential propagation of a tr if unctiona 1 amino acid lysine to 
form a core that serves as a low-molecu J ar weight matrix 
carrier for peptide immunogens can also be applied. The 
trif unctional amino acid, Boc-Lys (Boc) , Is particularly 
suitable since both N-c* and N-f amino rjioups are available as 
reactive ends. Thus, sequential propagation of Boc-Lys (Boc) 
will generate 2 n reactive ends. The first level coupling of 
Boc-Lys(Boc) will produce two reactive amino ends as a bivalent 
carrier. The sequential generations of a second and third step 
with Boc-Lys (Boc) will produce carriers containing 
f our ( tetra-valent ) , and eight (octa-valent) reactive amino ends 
to ^hich peptide antigens are attached. 

The HCV peptides as described in this invention can be 
incorporated onto this carrier system as illustrated below for 
the- development of sustaining high titer HCV antibodies in 
mammals, including humans. 
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HCV peptide 
HCV peptides 




HCV peptide^ 
HCV peptide. 
HCV peptide^ 
HCV peptide. 
HCV peptide, 
HCV peptide. 




K 



Octameric HCV peptides of the present invention (Table 
1) using the solid phase method of Merrifield are synthesized 
by. an automated peptide synthesizer, eilher Applied Biosystems 
(ABI) Model 430A, or Biosearch Model 9500. 

Both acid-labile tert-butyloxycarbonyl (t-Boc) and 
acid-stable groups are used for the protection of N-c< amino 
acid and the functional side chains of Lhe amino acids during 
the synthesis, respectively. The octameric peptides are 
synthesized by coupling onto a synthetic octamer resin. 

An octamer resin is prepared by coupling di-t-Boc Lys 
onto 0.14 mmol/g MB HA (4-Methyl benzhydrylamine) resin. 
(Biosearch 9500 is used for this preparation due to its 
flexibility in scale) . Di-Boc Lys single coupling is followed 
by two capping reactions (e.g. 0 . 3M Acetylimidazole in DMF 
dimethylf ormamide) The substitution level of synthetic 
octamer resin is determined by Ninhydrin Test. 



immunogen) , weighing 400-500 gms, are used as the hosts. For 
initial immunizations, an aliquot of 100 ug octameric HCV 
peptide in 0^5 mL PBS is mixed with an equal volume of complete 



Duncan Hartly random bred female guinea pigs (two per 



Freund's adjuvant and injected into each animal both 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 




subcutaneously and intradermally over multiple sites. After 
two to three '^weeks of rest, an. identical dosage of the same 
irnmunogen is given as a boost into each animal except that 
incomplete Freund's adjuvant is used. The animals are bled by 
heart puncture periodically to monitor each serum's anti-HCV 
titers. Subsequent booster shots are given periodically. 

EXAMPLE 8 

Relative (%) Immunoreact ivity for 
Synthetic Peptides By An 
gnsyrce-UnKefl Immunogflsorfrent Assay 

Wells of 96-well plates were coated at 4°C overnight 
(or 1 hour at 37°C) , with each of the additional nine peptides, 
VA, VB, VC, VD, VE (=V), VIA, VIB, VIC, VID, vie (see Table 1 
% oi\ the above mentioned peptides), at 5 ug/mL at 100 uL per 
well in lOmM NaHC0 3 buffer, pH 9.5. Each peptide's 
immunoreactivity was measured as previously described in 
Example 1. Results obtained for the 10 peptides in the V and 
VI series are shown in Table 2. According to the EIA 
absorbance readings at 492nm (y axis) and the amino acid 
sequences for each of the corresponding HCV peptides (x axis), 
representative immunoreactivity profiles are plotted for four 
of the eight sera on the 10 peptides in the V and VI series, 
together with the first twenty peptides in the I, II and III 

series, as shown in Figures 1-1 to 1-4. Relative (%) 

} 

immunoreactivity index for each of the additional 10 peptides 
is likewise calculated using peptide I I ID as a reference. 
Additional clusters of residues, such as ASRQA and EVIAP, that 
are identified with these 10 peptides, were found to contribute 
additionally .to the overall HCV antibody reactivity. 
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In summary, epitope mapping analysis conducted with a 

series of overlapping peptides reveals a varying degree of 

< 

immunoreactiyities between different HCV antibody positive 
samples and these HCV peptides. Based on the above-mentioned 
epitope mapping study, a third representative EIA using 
peptides IIF, II ID and V as the solid phase antigen was also 
configurated for testing as shown in Example 9 in comparison to 
that using peptide IIF and HID. 

EX AMPLE 9 . 

Detection of Antibodies to HCV in Serial Samples 
b y Enzvme-Linked Immunosorbent Assays 

(a) A coded panel consisting of 24 samples derived 
from a case of transfusion transmitted NANBH were tested in two 
ty£es of EIAs using plates coated with either a mixture of IIF 
and I I ID at 5, 5 ug/mL or a mixture of TIF, HID and V at 5,5,5 
ug/mL. The panel was provided by Dr. H. Alter of NIH and the 
results were decoded by his laboratory. 

As shown in Figure 7-1, the two anti-HCV profiles, as 
tested by two formats, using Peptides IIF/IIID/V coated plate 
(Curve A) and Peptides IIF/IIID coated plate (curve B) 
respectively, spanning a ten year period revealed an 
interesting contrast. 

According to the record, the seronegative patient 
received HCV -contaminated blood units on August 20, 1980. As a 
result of the transfusion, a trace amount of passive HCV 
antibodies was detected in the recipient's serum by format A. 
Active development of HCV antibodies by the recipient became 
detectable by both formats from November 14th on (about three 
months after -the initial transfusion). The HCV antibodies, 
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developed as a result of HCV infection through blood 
transfusion, persisted throughout the next ten years. .Higher 
antibody signals were detected by plates coated with an extra 
peptide V (curve A) in sera collected four months after the 
transfusion. It appears that the epitope presented by peptide 
V, representing a neighboring immunodominant region, elicits 
abundant HCV antibodies at a slightly later stage than the 
epitopes represented by peptides IIF and HID. 

(b) Serial samples from one representative case of a 
hemodialysis patient with NANBH were provided by Dr. Cladd 
Stevens of New York Blood Center, N.Y. , N.Y., and tested on 
plates coated with a mixture of three peptides, IIIF/IID/V. 

The sample histories are shown in Figui; ti 7-2. The results show 
that the peptide based EIA detects samples about two months 
aft-er the onset of the acute phase of the disease as evidenced 
by the ALT elevation. 

(c) Serial samples from a representative chimpanzee 
were tested with a peptide based HCV EIA using a mixture of 
IIIF/IID/V- peptides. This chimpanzee was inoculated on day 0 
with a well-characterized strain of NANBHV . Following the 
acute phase of infection as evidenced by the rise of the ALT 
levels, antibodies to HCV were detected about 60 days after 
inoculation [Figure 7-3] . 

EXAMPLE 10 

Screening of Low Risk Random Blood Donors 
1 ! \ — With the Peptide Based HCV k t^ 

2035 donor specimens obtained in a blood bank setting 
were tested by EIA coated with a mixture of Peptides IIF, HID 
and V at 5 ug/mL each following the procedure described in 
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Example 2, The results are shown in Figures 8-1 and 8-2. The 
frequency distribution of the peptide based HCV-EIA signal to 
cutoff ratios?, suggested an initial reactive rate of 1.18% and 
a fepeatably reactive rate of 1.08 respectively. 88% of the 
initial reactive specimens are repeatably reactive indicating a 
high reproducibility of the assay. The repeatably reactive 
rate of the peptide based HCV EIA obtained with the low risk 
random blood donor specimens, all volunteers, is lower than 
that obtained from the commercial paid donor population (See 
Example 2) , 

EXAMPLE 11 

Synthetic Peptide Based HCV Neutralization EIA 
—As a Confirmatory .T£g± 

Welis of 96-well plates were coated at 4°C overnight 
(op for 1 hour at 37°C) with a mixture of two peptides IIF and 
lilD at 5 ug/mL each in 100 uL lOmM NaHC0 3 buffer pH 9.5. 
Repeatably reactive specimens previously screened out by the 
direct HCV EIA were incubated with either a control specimen 
diluent buffer (i.e., PBS containing 20% by volume normal goat 
serum, 1% by 'weight gelatin and 0.05% by volume Tween 20) at a 
dilution of 1:20 volume to volume, or with the same specimen 
diluent buffer containing varying amounts of a HCV peptide 
analogue IV (see Table /^for its amino acid sequence) and 
allowed to react for an hour at 37°. 

200iiuL of the peptide IV neutralized specimens were 
then added to each of the wells and allowed to react for 15 
mfnutes at 37°, followed by the EIA procedure as described in 
Example 2. Four representative reactive samples including two 
weakly reactives and two strongly reactives were tested. One 
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of the strong reactives was further " di luted at 1:10 in the 
specimen diluent prior to neutralization testing. As shown in 
Figure 9 and Table 4, a dose dependent inhibition [or 
neutralization] of HCV EIA was observed with peptide IV. When 
compared with the controls, a significant inhibition was 
obtained with all four specimens even at a concentration of 50 
ug/mL peptide IV. 

EXAMPLE 12 
• Detection of Antibodies^ to HCV in 

A coded panel consisting of 74 samples from a group of 
hemodialysis patients was tested in two types of EIAs using 
plates coated with a mixture of HCV pepl.ides IIH and V at 10,5 
ug/mL or a recombinant HCV protein based EIA. The panel was 
provided by investigators at the Japanese National Institute of 
Health and the results were decoded and compared to the 
recombinant HCV protein based EIA by the sera provider. 

As shown in Figure 10, an x-y plot of the A492 nm 
readings for the peptide based HCV EIA and the recombinant HCV 
protein based HCV EIA revealed a high correlation between these 
two assays. (A cutoff value of 0.2 and 0.4 was obtained based 
on the corresponding assay design.) These 74 specimens 
obtained from the hemodialysis patients who are highly 
susceptible to HCV infection were grouped into four categories 
based on their respective reactivities with these two types of 
EI$s. The upper right block indicates samples that are scored 
positive by both assays, and the lower left block indicates 
samples that are scored negative by both assays. None of the 
74 high risk samples were found positive by the recombinant 
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based EIA and negative by the peptide based EIA as shown in the 
upper left block; whereas five of these 74 high risk samples 
scored positive by the peptide based EIA and negative by the 
recombinant based EIA as shown in the lower right block 
indicating that the peptide based HCV EIA is more sensitive 
when tested with specimens derived from patients at high risks 
for HCV infection. 

EXAMPLE U 

Detection Of Anti-HCV Activity In Rare 
'Specimens wjLtft Ar\ EXevatecLJiLl ..Level 

These results are representative of the acute phase of 
HCV infection by synthetic peptides of Peptide VII series, 
covering a region near the C-terminus of the HCV protein C - IOQ , 
and Peptide IIH from the immunodominani: region. 

Wells or 96-well plates were coated at 37°C for 1 hour 
with each of the six peptides VIIA, V.Tin, VIIC, VIID, IIG and 
IIH, at 5 ug/mL at 100 uL per well in lOmM NaHC0 3 buffer, pH 
9.5. Each peptide's immunoreact ivi ty wiLh the respective 
specimen was measured as previously described in Example 1. As 
shown in in Table 5,. weak immunoreacti vi ty was obtained with 
specimen 3 for peptides VIIC and VIID, but not VIIA and VIIB. 
Moderate immunoreactivity was obtained with specimen NAB-2-2 
for peptide IIH, but not IIG, Both specimens were found to 
have high ALT level and are representative of specimens from 
patients with acute phase of HCV infection. 

r 




Table 5 



IIH 

IIG 

VIIA 

VIIB 

VIIC 



fonipp Acid Sequence 



A492nni 

Specimen No. 
NAB-2-2 #3 



SG, KPAII , PDREV, LYREF , DEMEE , CSQHL , PYIEQ, GMMLA , EQF KQ , KALGL 1 . 2 3 2 ( + ) 
I I , PDREV , LYREF , DEMEE , CSQHL , PYIEQ, GMMLA , EQFKQ, KALGL 0 . 013 ( - ) 

AVQWM,NRLIA,FASRG,NHVSP 0.109 
RHV, GPGEG, AVQWM,NRLIA, FASRG,NHVSP 0.224 
V , VCAAI , LRRHV, GPGEG, AVQWM,NRLIA, FASRG,NHVSP 0 . 674 



VIID PGA , LVVGV , VCAAI , LRRHV, GPGEG, AVQWM,NRLI A, FASRG,NHVSP 



0.658 
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EXAMPLE 3L4 

Measurement Of Relative (%) Immunoreact ivity For Synthetic 
Peptide Covering An Immunodominant Region Of The Postulated 
HCV Core Protein By An En z y me-Linked Immunosorbent Assay 

Wells of 96-well plates were coated at 4°C overnight 
(or 1 hour at 37°C) , with each of the ten peptides: VIIIA, 
VIIIIB, VI.IIC, VIIID, VIIIE(-VIII), IXA, IXB, IXC, IXD, and 
IXE(-IX), (see Table 7) prepared as described at 5 ug/mL at 100 
uL per well in 10 mL NaHC03 buffer, pH 9,5. The rest of the 
plate coating and enzyme immunoassay procedures were performed 
exactly as described in Example 1. 

Results obtained, from this study ate shown in Figs. 
11-1 and 11-2. According to the EIA absorbance readings at 492 
nm (y axis) and the amino acid sequences for each of the 
corresponding HCV peptides (x axis), representative 
immunoreactivity profiles are plotted lor four of the eight 
panel sera as shown in Figures 11-1 and 11-2. Relative (%) 
immunoreactivity index for each of the .10 peptides (Table 7) is 
calculated against Peptide II ID (See Table 1), the one with the 
highest absorbance reading, based on the total absorbance of 
eight sera at 492 nm (See Tables 1 and 2 for examples of 
calculation). Figs. 11-1 and 11-2 show the amino acid 
sequences of the immunodominant region according to data 
obtained for immunoreactivity study. For example, serum sample 
1 reacted strongly (ODs between 1.5 and 3.5) with peptides 
VIIIA and IXA, which are the smallest size in the 20mer range 
in the corresponding peptide series. Further addition of amino 
acids at the N-terminal end did not significantly enhance the 
immunoreactivity of these analogue peptide (see Figs, ll-l and 
11-2 for sample 1) . 
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However, other serum samples such as #3 and #4 reacted 
much stronger with peptides VIIIB, VIIIC respectively and with 
an increasing immunoreactivity with the analogue peptides in 
the IX series (see Figs. 11-1 and 11-2, samples #3 and #4). 
Further, serum sample 2 reacted marginally with peptides in the 
corresponding VIII and IX series. These reactivity profiles 
indicate a more complicated epitope distribution along the 
postulated HCV core protein region and may include some 
discontinuous linear epitopes and conformational epitopes, 
requiring a longer size peptide to confer the best 
immunoreactivity for diagnostic purposes. 

In summary, epitope mapping analysis conducted with a 
series of ten peptides covering an immunodominant region of the 
postulated HCV core protein, spanning a total of 119 amino acid 
residues as illustrated in Table 7 and Figs, 11-1 and 11-2, 
reveals varying degrees of immunoreactivity between different 
HCV antibody positive serum samples and analogue HCV Peptides 
of the VIII and IX series. In this case it is found preferably 
to have synthetic peptides with longer amino acid chains, 
ideally longer than 20, to optimally present these antigenic 
determinants to HCV antibodies. 

Based on the above-mentioned epitope mapping study, 
additional representative EIAs using Peptides VIIIE, IXD, both 
derived from the HCV core region alone, or as a mixture with 
peptides IIH and V from the HCV nonstructural region were 
configurated for the following studies described in Examples 
15, 16, 17 and 18. 
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example; i s 

Detection Of Antibodies To HCV By Peptide Based Enzyme-Linked 
Immunosor bent Assay Using Format C. Format' D. Format a 

The following four groups of specimens: 

(a) individuals with AIDS, ARC(n=63); 

(b) individuals positive for HBsAg, (n=50); 

(c) individuals positive for antibodies to HBc 
protein, (n«22); and 

(d) individuals with elevated (>100 i.u./L) 
alanine aminotransferase (ALT) enzyme activity, 
(n=86) . 

were analyzed on representative HCV peptide based EIAs 
according to the present invention, will, the plates coated 
either with (i) peptides IIH and V at :> and 3 ug/mL each 
(Format A), (ii) peptides IIH, V and VIX1E)' at 5, 3 and 2 ug/mL 
each (Format C, containing both the HCV core and nonstructural 
peptides) or (iii) Peptides VIIIE and 1XD at 2 and 2 ug/mL each 
(Format D, HCV core peptides only). 

Results obtained from the screening of a total of 221 
well-characterized clinical specimens previously categorized 
into four groups, from (a) to (d) using a representative lot of 
peptide coated plates EIAs formatted as A, C or D were plotted 
on histograms as shown in Figs. 12-1, 12-2 and 12-3. 

Out of a total of 63 AIDS/ARC patient samples 
analyzed, 46.0%, 55.6% and 50.8% of . the patients were found to 
be HCV antibodies positive using EIA formats A, C and D ' 
respectively. Out of 50 HBsAg positive individuals, 36.0%, 
42.0% and 36% of the individuals were found to also be HCV 
antibodies positive using EIA formats A, C and D respectively. 
Out of 22 HBc antibody positive individuals, 27.3%, 22.7%, and 
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18.2% were found to be HCV antibodies positive as detected by 
EIA formats A, C and D. Out of 86 patients with an elevated 
ALT levels, 90.7%, 91.5% and 85.4% were found to be HCV 
antibodies positive by EIA formats A, C and D. The overall 
signal to noise ratio distribution for the HCV positive samples 
were found to be higher with Formats C and D which included a 
peptide (VIIIE) from the HCV core region than Format A which 
only employed peptides from the HCV nonstructural region as the 
solid phase antigen. 

Except for one HBc antibody snmple where the results 
is borderline positive (S/cutoff ratio^l. 0) with the HCV EIA 
Format A, Format C incorporating peptides (UH # V an6y£FHrSr) 
from both the HCV structural (core) and nonstructural regions 
was the most sensitive. The significant, improvement in 
sensitivity makes Format C an ideal candidate for a HCV 
antibody screening assay. 

EXAMPLE 16 

Comparison Of Test Results Using The Three Peptide Based 
HCV EJA Formats (A r C And D) On Low Risk Rand om Rln od Donors 

Representative 264 donor specimens obtained in a blood 
bank setting were tested by all three EIA formats. 

The results are shown in Figures 13-1 to 13-6. The 
frequency distributions of the peptide based HCV-EIA signal to 
cutoff ratios suggested an initial reactive rate of 1.13%, 3.0% 
and 3.0% with formats A, C and D respectively. The negative 
samples have a relative low signal to cutoff ratio in all three 
assay formats( see Figures 13-1, 13-3, and 13-5). Upon repeat 
testing, a repeatably reactive rate of 1.13%, 1.9% and 1.9% 
were obtained for formats A, C and D respectively. Among the 
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sera identified as positives, there were four specimens which 
reacted strongly with both Formats C and D, but were identified 
as negatives by Format A. This indicates the possibility of 
false negative results when an HCV antibody detection assay 
does not include epitopes from the structural protein region. 

EXAMPLE 3,7 

Detection Of Antibodies To HCV In Well-Characterized 
Serial Sample s p Y Various E nzvme -Linked Immunosorbent Assays 

(a) A coded panel consisting or 24 samples derived 
from a case of transfusion transmitted NANB1I were tested in 
three HCV eia formats (A, B and C) to deteimine the respective 
sensitivity of the formats in detecting seroconversion. The 
panel was provided by Dr. H. Alter of NTH and the results were 
decoded by his laboratory. 

As shown in Figure 14-1, the three anti-HCV 
profiles, as tested by three formats using peptides IIF/IIID/V 
coated plate (Curve A); Peptides IIF/IIID coated plate (Curve 
B); and peptides IIH, V and VIIIE coated plate (Curve C) 
respectively, with sera spanning a ten year period revealed an 
interesting contrast. 

As a result of the transfusion, a trace amount of 
passive HCV antibodies was detected in the recipient's serum by 
both format A, and C. Active development of HCV antibodies by 
the recipient became detectable by all three formats from 
November 14th on (about three months after the initial 
transfusion), with format C having the highest S/cutoff ratio 
on that bleed date. This finding further confirms the improved 
sensitivity obtained by using HCV EIA format C. 
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(b) Serial samples from a representative chimpanzee 
were tested with HCV EIA format C in comparison to a 
recombinant HCV C-100 based radioimmunassay (RIA) . The 
chimpanzee was inoculated on day 0 with a well-characterized 
strain of NANBHV. Following the acute phase of infection as 
evidenced by the rise of the ALT levels, antibodies to HCV were 
detected about 47 days after inoculation (Figure 14-2) . HCV 
EIA Format C was able to detect HCV antibodies about 40 days 
early than the the rDNA based RIA. A higher signal to cutoff 
ratio was obtained with HCV EIA Format C than the rDNA RIA. 

(c) Serial samples from three well-characterized 
representative HCV seroconversion panels, collected by 
Serologic Inc., were tested by HCV EIA formats A, C and D, as 
defined in Example 15 in addition to that previously tested 
with rDNA HCV C-100 based EIA. As shown in Table 8, both HCV 
EIA formats C and D were able to identify HCV antibody positive 
specimens in two out of three panels by four to eight weeks 
earlier than the rDNA HCV-100 based EIA and HCV EIA Format A. 
This further demonstrated the sensitivity of the HCV EIAs which 
incorporate peptides derived from the HCV structural (core) 
protein region. 

EXAMPLE 18 

Detection Of Antibodies To HCV In 
Hemodialysis Pati ents By V a r i o u s Forms Of HCV ETAs 

A coded panel consisting of 74 samples from a group of 
hemodialysis patients was tested by three types of HCV EIAs; a 
recombinant HCV protein based EIA, and two using plates coated 
with either a mixture of HCV peptides IIH and V at 10, 5 ug/mL 
respectively (Format A), or a mixture of HCV peptides IIH, V 
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and VIIIE at 5, 3 and 2 ug/mL respectively (Format C) . The 
panel was provided by investigators at the Japanese National 
Institute of Health. Results were decoded and compared to the 
recombinant HCV protein based EIA by the sera provider. 

As shown in Fig. 15-1, an x-y plot of the A492 nm 
readings for the peptide based HCV EIA Format C and the 
recombinant HCV protein based HCV EIA revealed an increased 
sensitivity with the peptide based HCV EIA format C when 
compared to the rDNA HCV C-100 protein based HCV EIA . (A 
cutoff value of 0.2 and 0.4 was obtained based on the 
corresponding assay design) . These 74 specimens obtained from 
dialysis patients who are highly susceptible to HCV infection 
were grouped into four categories based <»n their respective 
reactivities with these two types of EIAs. the upper right 
block indicates samples that were scored positive by both 
assays, and the lower left block indicates samples that were 
scored negative by both assays. None of the 74 high risk 
samples were found positive by the recombinant based EIA and 
negative by the peptide based EIA as shown in the upper left 
block; whereas "eleven" of these 74 high risk samples scored 
positive by the peptide based EIA Format C and negative by the 
recombinant based EIA as shown in the lower right block. 

An increase in sensitivity was obtained for the 
peptide based HCV EIA Format C (incorporating a HCV core 
peptide) when compared to HCV EIA Format A, which in turn 
showed an improved sensitivity compared with the recombinant 
HCV C-100 protein based EIA (see Example 12, Fig. 10). 

To further document the validity of such a sensitivity 
comparison, other clinical data obtained for each of the 
dialysis patient specimens were tabulated along with the 
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corresponding EIA ratios (Table 9). Among the eleven marked 
specimens, most showed an increased level of GOT/GPT and were 
associated with frequent episodes of elevated GPT previously. 
All eleven specimens scored negative by the rDNA HCV C-100 
based EIA. However, these same samples reacted strongly (with 
°.D^~ 1.5) in the peptide based HCV EIA Format C. Since 
peptide vili(«viiiE) was synthesized according to amino acid 
sequences selected from the conserved structural (core) protein 
region, its inclusion in the peptide based HCV EIA (such as 
format C) will be particularly suitable when testing specimens 
from geographically distinct regions where a higher chance of 
strain-to-strain variation among the HCV isolates may be 
encountered . 

It is to be understood that i.he above examples are 
illustrative of the present invention and are not meant to 
limit the scope thereof. 
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Table 9 

HCV Positivity in Serum Specimens 
Obtained from Japanese Dialysis Patients 
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WE CLAIM: 



i. A peptide composition comprising a peptide with 
an amino acid sequence selected from the group consisting of: 



(i) 



(ii) 



(iii) 



(iv) 



(v) 



(vi) 



(vii) 



(v.Ui) 



(ix) 



Glu-Glu- gcTr Cyc -Sln-His-Leu-Pro-Tyr-Ile-Glu-Gln- 
Gly-Met-^et-LeuyAla-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly-Leu-LeuAGln-Thr-Ala-Ser-Arg-Gln-Ala-Glu- 
Val-Ile-Ala-Pr</-X 

Ile-Ile-Pro-As/p-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-GAu-GIu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-Gln-tfly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- 
Gln-Lys-Ala-j/eu-Gly-Leu-X 

Ser-Gly-Lys-/Pro-Ala-Jle-He-PjA>~A.sp-Arg-Glu-Val- 
Leu-Tyr-Arg4Glu-Phe-Asp-Glu-Met.-<:iu-Glu-Cys-Ser- 
Gln-His-Leu/-Pro-Tyr-n.e-Glu-GI n-Cl.y-Met-Met-Leu- 
Ala-Glu-Gliy-Phe-LyS'-Gln-Lys-Aly-l.(jn-Gly-Leu-X 

Cys-Val-Val-He-Val-Gly-Arg-Va UVa I -Leu-Ser-Gly- 
Lys-Pro-Al a-1 le-I le-Pro-Asp-Aj?'j •-(.) J u-Val-Leu-Tyr- 
Arg-Glu-Phje-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His- 
Leu-Pro-Ty/r-Ile-X 



Ser-Gly 


-L*s 


-Pro 


-Ala 


-He 


-He 


-Pro 


-Asp 


-Arg 


-Glu 


--Val- 


Leu-Tyr 


-Alg 


-Glu 


-Phe 


-Asp 


-Glu 


-Met 


-Glu 


-Glu 


-Cys 


-Ser- 


Gln-His 


-Lfeu 


-Pro 


-Tyr 


-He 


-Glu 


-Gin 


-Gly 


-Met 


-Met 


-Leu- 


Ala-Glu 


-din 


-Phe 


-X 














Lys -Gin 


-iys 


-Ala 


-Leu 


-Gly 


-Leu 


-Leu 


-Gin 


-Thr 


-Ala 


-Ser- 


Arg-Gln 


-Ala 


-Glu 


-val 


-He 


-Ala 


-Pro 


-Ala 


-Val 


-Gin 


-Thr- 


Asn-Trp 


-Gin 


-Lys 


-Leu 


-Glu 


-Thr 


-Phe 


-Trp 


-Ala 


-Lys 


-His- 


Met-Trp 


-jAsn 


-Phe 


-X 












Glu-Gln 


*Gly 


-Met 


-Met 


-Leu 


-Ala 


-Glu 


-Gin 


-Phe 


-Lys 


-Gln- 


Lys-Ala 


-Leu 


-Gly 


-Leu 


-Leu 


-Gin 


-Thr 


-Ala 


-Ser 


-Arg 


-Gln- 


Ala-Gluj 


-Val 


-He 


-Ala 


-Pro 


-Ala 


-Val 


-Gin 


-Thr 


-Asn 


-Trp- 


Gln-Lyd 


-Leu 


-Glu 


-Thr 


-X 












Pro-Gil 


-Ala 


-Leu 


-Val 


-Val 


-Gly 


-Val 


-Val 


-Cys 


-Ala 


-Ala- 


Ile-LeL 


-Arg 


-Arg 


-His 


-Val 


-Gly 


-Pro 


-Gly 


-Glu 


-Gly 


-Ala- 


Val-G]Ai 


-Trp 


-Met 


-Asn 


-Arg 


-Leu 


-He 


-Ala 


-Phe 


-Ala 


-Ser- 


Arg-G]|y 


-Asn 


-His 


-Val 


-Ser 


-Pro 


-X 










Ser-Tfir 


-He 


-Pro 


-Lys 


-Pro 


-Gin 


-Arg 


-Lys 


-Thr 


-Lys 


-Arg- 




-Asn 


-Arg 


-Arg 


-Pro 


-Gin 


-Asp 


-val 


-Lys 


-Phe 


-Pro- 


Gly-G/ly-Gly 


-Gin 


-He 


-Val 


-Gly 


-Gly-Val 


-Tyr 


-Leu 


-Leu- 


Pro-ivrg 


-Arg 


-Gly 


-Pro 


-Arg 


-Leu 


-Gly-Val 


-Arg 


-Ala 


-T.hr- 


Arg-Uys 


-Thr 


-Ser 


-Glu 


-Arg 


-Ser 


-Gin 


-Pro 


-Arg 


-Gly-Arq- 


Arg-X, 


and 



















(I) 



(II) 



UIH) 



(III) 



(IV) 



(V) 



(VI) 



(VII) 



(VIII) 
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(x) Gly-Arg-Arg/Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg-Pro- 
1 ' |-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp- 

t-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly- 
i-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
r-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 



Glu-Gl 
Pro-Leu 
Trp-Leu-L 
Gly-Pro-T 
Gly-X 



wherein X is 



(IX) 



or -NH? 



and 



(xi) analogues, segments, mixtures, combinations, conjugates 
and po/ymers thereof. 

2. A peptide composition according to Claim 1 
comprising a combina t ion /of Peptides I, T I , in and V and 
having the amino acid se/quence: 



Cys-Va 1-Va 1- yldA^T-G ly-Arg-Va 1-Va L 
Lys-Pro-Ala-Al4xlie-Pro-Asp-Arg-Glu 
Arg-Glu-Phe-Z^g^Glu-Met-Glu-Glu-Cys 
Leu-Pro-Tyrime-Glu-Gln-Gly-Met-Met 
Gln-Phe-Lys^An-Lys-Ala-Leu-Gly- L.eu 
Ala-Ser-Arg-Oln-Ala-Glu-Val-Ilu Ala 
Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu- Thi 
Lys-His-Met-f rp-Asn-Phe-X 



-Leu-Ser~Gly- 
-Val-Leu-Tyr- 
-Ser-Gln-His- 
-Leu-Ala-Glu- 
•Leu-Gln-Thr- 
• fro-Ala-Val- 
-rhe-Trp-Ala- 



wherein X is -OH or /-NH 2 and analogues thereof. 

3. A peptide /composition according to Claim 1 
comprising a segment ok Peptide II and having an amino acid 
sequence selected fro/h the group consisting of: 



(i) 



(ii) 



(iii) 



(iv) 



Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met- 

Met-Leu-AlaYGlu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-GIy- 
Leu-X; 

Asp-Glu-Metf-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-Glh-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- 
Gln-Lys-Aya-Leu-Gly-Leu-X; 

Leu-Tyr-A/rg-Glu-Phe-Asp-Glu-Net-Glu-Glu-Cys-Ser- 
Gln-His-£eu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X; 

Pro-AspAArg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu- 

Met-GluA-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu- 

Gln-GlV-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys- 
Ala-Leu-Gly-Leu-X; 
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(v) 



Ile-Ile-Pro/-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-GLh-Gly-Met-Met-Leu-Ala-Glu-Gln~Phe-Lys- 
Gln-Lys-Ala-Leu-Gly-Leu-X; 

Ser-Gly-Uys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu--Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-teu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu^Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X; 



wherein X is 



or -NH2 and analogues thereof. 



4. A peptidfc composition according to Claim 3 and 
having an amino acid /sequence as follows: 

Ser-Gly-Lys^^ro7Ala-Ile-Ile-Pr«>-Asp-Arg-Glu-Val- 
Leu-Tyr-ArAi^Ci-Phe-Asp-Glu-Met - Glu-Glu-Cys-Ser- 
Gln-His-LejU^Pro-Tyr-Ile-Glu-Gln-Cly-Met-Met-Leu- 
Ala-Glu-Gl/?-Phe-Lys-Gln-Lys-Ala-Leu,-Gly-Leu-X; 

wherein X is -OH ofc -NH2 or an analogue thereof. 

5. A peptide composition ac».:<uding to Claim 1 
comprising a segment of Peptide III and having an amino acid 
sequence selected from ythe group consisting of: 

( i) Ile-Ile-Pro-Aafp-Arg-Glu-Val-Lcu -Ty r-Arg-Glu-Phe- 

Asp-Glu-Met-Gylu-Glu-Cys-Ser-G J. n-His-Leu-Pro-Tyr- 
Ile-X; 

( ii) Ser-Gly-LysyPro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg/Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu/-Pro-Tyr-Ile-X; 

(iii) Gly-Arg-VaA-Val-Leu-Ser-Gly-Lys-Pro-Ala-Ile-Ile- 
Pro-Asp-Ai/g-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu- 
Met-Glu-G/u-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-X; 

(iv) Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val-Leu-Ser-Gly- 
Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr- 
Arg-Glu-phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His- 
Leu-Pro/Tyr-Ile-X; 

wherein X is -/OH or -NH 2 and analogues thereof. 
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A) 



6. A peptide composition according to Claim 5 and 
having an amino acid sequence as follows: 

Ser-Gly-LyiLpro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Ayg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-L£u-Pro-Tyr-Ile-X; 

wherein X is -OH/or -NH 2 or an analogue thereof. 

7. A peptide Composition according to Claim 1 
comprising a combinatio/ of Peptides VIII and IX and having the 
amino acid sequence: 



Ser-Thr-Ile-P 
Asn-Thr-Asn-A 
Gly-Gly-Gly 
Pro-Arg-Arg 
Arg-Lys-Thr 
Arg-Gln-Pr 
Arg-Thr-T 
Tyr-Gly-A 
Leu-Ser-P 
Thr-Asp-Pr 



-Lys-Pro-Gln-Arg-i,ys-Thr- 
-Arg-Pro-Gln-Asp-Val-Lys- 
-Ile-Val-Gly-Gly val-Tyr- 
-Pro-Arg-Leu-Gly-Val-Arg- 
-Glu^-Arg-Ser-Gln-Pro^Arg- 
o-Lys-Val-Ary--Acg-Pro- 
Gln-Pro-Gly-Tyr-Pro-Trp- 
-Gly-Cys-Gly-Tii.-'- Ala-Gly- 
Arg-Gly-Ser-Arg-Pro--oer-Trp- 
Arg-Arg-Arg-Ser-Arg-Asn-Leu- 



Lys-Arg- 
Phe-Pro- 
•Leu-Leu- 
Ala-Thr- 
Gly-Arg- 
•Glu-Gly- 
Pro-Leu- 
•Trp-Leu- 
•Gly-Pro- 
•Gly-X; 



wherein X is -OH br -NH2 and analogues 1. hereof. 



8. A peptide composition according to Claim 1 
comprising a segment of Pept/de VIII and having an amino acid 
sequence selected from the group consisting of: 



(i) 



(ii) 



(iii) 



(iv) 



Thr-Lys-Arg-Asn-THr-Asn-Arg-Arg-Pro-Gln-Asp-Val- 
Lys-Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val- 
Tyr-Leu-Leu-Pro-/yrg-Arg-Gly-Pro-Arg-Leu-Gly-Val- 
Arg-Ala-Thr-Arg-£ys-Thr-Ser-Glu-Arg-Ser-Gln-Pro- 
Arg-Gly-Arg-Arg- 

Asp-Val-Lys-Phe/-Pro-Gly-Gly-Gly-Gln-Ile-Val-Gly- 
Gly-Val-Tyr-Leiy-Leu-Pro-Arg-Arg-Gly-Pro-Arg-Leu- 
Gly-Val-Arg-Alsf-Thr-Arg-Lys-Thr-Ser-Glu-Arg-Ser- 
Gln-Pro-Arg-Gly-Arg-Arg-X; 

Val-Gly-Gly-Vj!l-Tyr-Leu-Leu-Pro-Arg-Arg-Gly-Pro- 
Arg-Leu-Gly-Wal-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu- 
Arg-Ser-Gln-Hro-Arg-Gly-Arg-Arg-X; 

Gly-Pro-Arg-£eu-Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr- 
Ser~Glu-Arg-/Ser-Gln-Pro-Arg-Gly-Arg-Arg-X; 



wherein X is -OH or/ -NH 2 or an analogue thereof. 



- 82 - 



9. A peptide composition according to Claim 1 
comprising a segment /of Peptide IX and having an amino acid 
sequence selected friom the group consisting of: 



(i) 



(ii) 



(iii) 



Ile-Pro-Lys!-Val-Arg-Arg-Pro-Glu-Gly-Arg-Thr-Trp- 
Ala-Gln-Prb-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr-Gly-Asn- 
Glu-Gly-CVs-Gly-Trp-Ala-Gly-Trp-Leu-Leu-Ser-Pro- 
Arg-Gly-Sfer-Arg-Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro- 
Arg-Arg-Mrg-Ser-Arg-Asn-Leu-Gly-X; 

Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- 
Gly-Asn-fclu-Gly-Cys-Gly-Trp-Ala-Gly-Trp-Leu-Leu- 
Ser-ProyArg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro-Thr- 
Asp-ProfArg-Arg-Arg-Ser-Arg-AKii Leu-Gly-X; 



/ C5v) 



Leu-Tyrf-Gly-Asn-Glu-Gly-Cys-GJy-Ti p -Ala-Gly-Trp- 
Leu-Leu-Ser-Pro-Arg-Gly-Ser-Ar«i-Pvo-Ser-Trp-Gly- 
Pro-Thr-Asp-Pro-Arg-Arg-Arg-Sei.-Ary-Asn-Leu- 
Gly-X;/ 

Trp-Ala-Gly-Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg- 
Pro-Sfer-Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser- 
Arg-i/sn-Leu-Gly-X; 

wherein X is/ -OH or -NH 2 or an analogue thereof. 



10. A peptide composition according to Cla<im 1 
wherein the peptide has an amino acid sequence follows: 

Ser-Thr-Ile-pro-Lys-Pro-Gln-Arg-l^ys-Thr-Lys-Arg- 
Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-'Val-Lys-Phe-Pro- 
Gly-Gly-Gly-Gln-Ile-Val-Gly-G^-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro-Arg-Leu^Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 
Arg-X 

wherein X is -OH or -NH 2 or/an analogue thereof. 

11. A peptide composition according to Claim 1 
wherein the peptide has an amino acid sequence as follows: 



Gly-Afg-Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg-Pro- 
Glu/Gly-Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp- 
Pj?6-Leu-Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly- 
rp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
'Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
Gly-X; 

srein X is -OH or -NH2 and analogues thereof. 
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12. A method of detecting antibodies to hepatitis C 
virus (HCV) or diagnosis of/ HCV infection or NANBH comprising 
the steps: 

(i) Preparing a peptide composition according to 
. Claim/ 1; 

(ii) Vsini an effective amount of the peptide 
composition as an antigen to form a complex 
wiyh antibodies to HCV or NANBHV; 

(iii) Defecting the presence of the complex of 
peptide with antibodies to HCV or NANBHV by 
an enzyme linked immunosorbent assay, an 
Lmmunor adiometr ic assriy or an agglutination 

/assay or other immunoassays . 



13. A mdthod according to Claim 12 where in the 
peptide composition is coated on a so). id substrate. 



14 . A 
of detecting the 
antibodies to 
immunosorben 



method according to Claim 13 wherein the step 
presence of the complex of peptide with 
rJNANBHV is by means of an enzyme linked 




15 ~ y?( rje-tliod according to Claim 12 wherein the method 
of detecting the Ipresence of the complex of peptide with 
antibodies to HCV or NANBHV is by using an immunor adiometr ic- 
assay. 

16. A /nethod according to Claim 12 wherein the method 
of detecting the presence of the complex of peptide with 
antibodies to H(IV or NANBHV is by an agglutination assay. 
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17. A method according to Claim 12 wherein the 
peptide composition is a combination of peptides I, II, III and 
v and having the amino acyd sequence: 



Cys-Val-Val-Ile-Vril-Gly 
Lys-Pro-Ala-Ile-lAe-Pro 
Arg-Glu-Phe-Asp-Olu-Met 
Leu-Pro-Tyr-Ile-Glu-Gln 
Gln-Phe-Lys-Gln-A^ys-Ala 
Ala-Ser-Arg-Gln+Ala-Glu 
Gln-Thr-Asn-Trp/-Gln-Lys 
Lys-His-Met-Trtf-Asn-Phe 



-Arg-Val-Val-Leu-Ser-Gly- 
-Asp-Arg-Glu-Val-Leu-Tyr- 
-Glu-Glu-Cys-Ser-Gln-His- 
-Gly-Met-Met-Leu-Ala-Glu- 
-Leu-Gly-Leu-Leu-Gln-Thr- 
-Val-Ile-Ala-Pro-Ala-Val- 
-Leu-Glu-Thr-Phe-Trp-Ala- 
-X 



wherein X is -OH or -NH2 or an analogue thereof. 

18. A method according to claim 12 wherein the 
peptide composition /comprises a segment of Peptide II and has 
an amino acid sequence selected from the group consisting of: 



(i) 



(ii) 



(iii) 



(iv) 



(v) 



(vi) 



Cys-Ser-Gln-jHis-Leu-Pro-Tyr-Iltj-G'Lu-Oln-Gly-Met- 
Met-Leu-Ala-jGlu-Gln-Phe-Lys-Gln-l.ys-Ala-Leu-Gly- 
Leu-X; 



Asp-Glu-Met 
Ile-Glu-Gln 
Gln-Lys-Ala 

Leu-Tyr-Arg 
Gln-His-Leu 
Ala-Glu-Glr 

Pro-Asp- 
Met-Gluy 
Gln-Gl/-l* 
Ala-Le 



He-] 
Asp-Q 

Ile-i 
Gln-I 



jrp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
^Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
LiUGly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- 
^la-Leu-Gly-Leu-X; 



G lu-Glu-Cys-Ser-G In -His- Leu-Pro -Ty r- 
-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- 
Leu-Gly-Leu-X; 

-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
-Pro-Tyr -Ile-Glu-Gln- Gly-Met-Met-Leu- 
-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X; 

Gyu-Val^Leu-Tyr-Arg-Glu-Phe-Asp-Glu- 
f-Gln-His-Leu-Pro-Tyr-Ile-Glu- 
u-Ala-Glu-Gln-Phe-Lys-Gln-Lys- 




Ser-Gly-Lyi-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arc -G lu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Lev-Pro-Tyr-I le-Glu-Gln-G ly-Met-Met-Leu- 
Ala-Glu-Glil-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X; 



wherein X is -OH or -NH2 and analogues thereof. 
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19. A method according to claim 12, wherein the 
peptide composition comprises a peptide having an amino acid 
sequence: 



Pro-Asp-Arg-Glui-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu- 
Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu- 
Gln-Gly-Met-Mett-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys- 
Ala-Leu-Gly-Leu-X; 

wherein X is -OH or -Jnh 2 or an analogue thereof. 



20. A methjbd according to c'l«um 12 wherein the 
peptide composition lis a segment of pujaide III and having an 
amino acid sequence/ selected from the group consisting of: 



(i) 



(ii) 



(iii) 



(iv) 



I le-Ile-Pro-jAsp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-MetfGlu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-X; 

Ser-Gly-Lys -Pro-Ala- lie- I le-Pro -Asp-Arg-Glu-Va 1- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met- Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-X; 

Gly-Arg-Va ] -Va 1-Leu-Ser-Gly-Lys- Pro-Ala- I le-I le- 
Pro-Asp- Arc -Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu~ 
Met-Glu-Gli -Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-X; 



Cys-Val-Va 
Lys-Pro-Al 
Arg-Glu-Ph£ 
Leu-Pro-Ty 



peptide compo^iti 
sequence : 



-Ile-Val-Gly-Arg-Val-Val-Leu-Ser-Gly- 
-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr- 
-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His- 



wherein X is -Ofcror -NH/ ,and analogues thereof. 



21. A mothoci according to claim 12 wherein the 



(ii) 



Ser-Gly-Ly 

Leu-Tyr-Arc 

Gln-His-Lei 



wherein X is -OH c 



Comprises a peptide having an amino acid 



Pro-Ala- lie- I le-Pro-Asp-Arg-G lu-va 1- 
-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
-Pro-Tyr-Ile-X; 

r -NH2 or an analogue thereof. 
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22. A method according to Claim 12 wherein the 
peptide composition comprises a combination of Peptides VIII 
and IX and has an amino acid sequence: 



Ser 
Asn 
Gly 
Pro 
Arg 
Arg 
Arg 
Tyr 
Leu 
Thr 



-Thr- 
-Thr- 
-Gly- 
-Arg- 
-Lys- 
-Gln- 
-Thr- 
-Gly- 
-Ser- 
-Asp- 



Ile- 
Asn- 
Gly- 
•Arg- 
Thr- 
Pro-j 
Trp| 
•Asnf 
Prof 
Prol- 



-Pro 
-Pro 
-Val 
-Arg 
-Arg 
-Lys 
-Pro 
-Cys 
-Ser 
-Arg 



-Gln- 
-Glnr 
-Gly- 
-Leu- 
-Ser- 
-Val- 
-Gly- 
-Gly- 
-Arg- 
-Ser- 



Arg- 

Asp- 

Gly- 

Gly- 

Gln- 

Arg- 

Tyr- 

Trp- 

Pru 

Ary- 



Lys« 
Val- 
val ■ 
Val 
Pro- 
Arg 
Pro 
Ala 
r.nr 
Asn 



-Thr- 
-Lys- 
-Tyr- 
-Arg- 
-Arg- 
-Pro- 
-Trp- 
-Gly- 
-Trp- 
-Leu- 



Lys- 
■Phe- 
Leu- 
Ala- 
■Gly- 
Glu- 
Pro- 
Trp- 
■Gly- 
•Gly- 



Arg- 
Pro- 
Leu- 
•Thr- 
Arg- 
Gly- 
■Leu- 
•Leu- 
■Pro- 
•X; 



wherein X is -OH 



-NH2 and analogues thereof. 



23. A method according to Claim 12 wherein the 
peptide composition comprises a segmenl: of Peptide VIII and has 
an amino acid sequence: 

Thr-Lys-Ari-Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val- 
Lys-Phe-Pri-Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val- 
Tyr-Leu-Leji-Pro-Arg-Argf-Gly-Pro-Arg-Leu-Gly-Val- 
Arg-Ala-Tht-Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro- 
Arg-Gly-Arb-Arg-X; 

wherein X is -OH t>r -NH 2 and analogues thereof. 

24. A method according to Claim 12 wherein the 
peptide composition comprises a segment of Peptide IX and has 
an amino acid sequence selected from the group consisting of: 



(i) 



(ii) 



(iii) 



Ile-Pr 
Ala-GLh-Prc 
Glu-GIy-Cys|-G^y- 
Arg-Gly-Sei 
Arg-Arg-Ar 



,g-Arg-Pro-Glu-Gly-Arg-Thr-Trp- 
r-Pro-Trp-Pro-Leu-Tyr-Gly-Asn- 
p-Ala-Gly-Trp-Leu-Leu-Ser-Pro- 
ro-Ser-Trp-Gly-Pro-Thr-Asp-Pro- 
-Arg-Asn-Leu-Gly-X; 



Thr~Tr^A^|Gln-Pro-Gly-Tyr~Pro-Trp-Pro-Leu-Tyr- 
Gly-Ash-GAu-lGly-Cys-Gly-Trp-Ala-Gly-Trp-Leu-Leu- 
Ser-Pro^rg-lGly-Ser-Arg-Pro-Ser-Trp-Gly-Pro-Thr- 
Asp-Pro-Arg-Urg-Arg-Ser-Arg-Asn-Leu-Gly-X; 



Leu-Tyr-Gly- 
Leu-Leu-Ser- 
Pro-Thr-Asp- 
Gly-X; 



^sn-Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp- 
?ro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly- 
?ro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
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(iv) Trp-Ala-Gly-Trr/-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg- 
Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser- 
Arg-Asn-Leu-Gly-X; 

wherein X is -OH or ^NH2 or an analogue thereof. 



25. A method according to Claim 12 wherein the 
peptide composition/ comprises a peptide having an amino acid 
sequence as follows 



Ser-Thr-Ile|-pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg- 
Asn-Thr-AsrJ-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Gly-Gly-GlyL-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Ard-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Th^-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 
Arg-X 

wherein X is -OH (Jr -NH 2 or an analogue thereof. 



26. A method according to Claim 12 wherein the 
peptide composition comprises a peptide having an amino acid 
sequence as folloUs: 



Gly-Arg-Arig-Gln-Pro-Ile-Pro-Lys -VaJ -Arg-Arg-Pro- 
Glu-Gly-Aijg-Thr-Trp-Ala-Gln-Pru- Gly -Tyr-Pro-Trp- 
Pro-Leu-Ti[r-Gly-Asn-Glu-Gly-Cy.s ily-'J'rp-Ala-G ly- 
Trp-Leu-Letu-Ser-Pro-Arg-Gly-Ser - Ar y -Vro-Ser-Trp- 
Gly-Pro-Tfcr-Asp-Pro-Arg-Arg-Arg -Ser-Arg-Asn-Leu- 
Gly-X; 

wherein X is -Oh/ or -NH 2 and analogues thereof. 

27. /Aijt/f hoaxes to HCV or NANBHV produced by using as 
an immunoge^ a .tyeptipfe composition comprising a peptide with an 
amino acid sej^j^e selected from the group consisting of: 

(i) Glu^GluJ-Ser-Cys-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln- 
Gly-Met -Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala-Glu- 
Val-Ile-Ala-Pro-X (I) 

( ii) Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-^His-Leu-Pro-Tyr- 
Ile-Gld-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- 
Gln-Lysj-Ala-Leu-Gly-Leu-X (II) 
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(iii) 



(iv) 



(v) 



(vi) 



(vii) 



(viii) 



<ix) 



(x) 



Ser-Gly-Lysf-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Ard-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-LeJ-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Glfi-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X 

Cys-Val-Vajl-Ile-Val-Gly-Arg-Val-Val-Leu-Ser-Gly- 
Lys-Pro-Aaa-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr- 
Arg-Glu-PKe-Asp-Glu-Met-Glu-Glu-Cys-Ser-GIn-His- 
Leu-Pro-T^r-Ile-X 

Ser-Gly-Lirs-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Afcg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Lfeu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-G)ln-Phe-X 

Lys-Gln-lJys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser- 
Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr- 
Asn-Trp-tfln-Lys-Leu-Glu-Thr-Phe-Trp-Ala-Lys-His- 
Met-Trp-Asn-Phe-X 

Glu-Gln-lbly-Met-Met-Leu--Ala-Glu-Gln-Phe--Lys-Gln-- 
Lys-Ala -jLeu-Gly-Leu-Leu-Gln-Th v-Ala-Ser-Arg-Gln- 
Ala-Glu4val-Ile-Ala-Pro-Ala-Val~Gln-Thr-Asn-Trp- 
Gln-Lys- Leu-Glu-Thr-X 



Pro-Gly 
Ile-Leu 
Val-Gln 
Arg-Gly 

Ser-Thr 
His-Thr 
Gly-Gly 
Pro-Arcj 
Arg-Lys 
Arg-X, 

Gly-Arq, 
Glu-G 
Pro 

Trp-Leu 
Gly-/Pro 
Gly4x 



Ala-Leu-Val-Val-Gly-Val-Val-Cys-Ala-Ala- 
Arg-Arg-His-Val-Gly-Pro-Gly-Glu-Gly-Ala- 
Trp-Met-Asn-Arg-Leu-Ile-Ala-Phe-Ala-Ser- 
Asn-His-Val-Ser-Pro-X 

Ile-Pro-Lys-Pro-Gln-Ary-T,ys-Thr-Lys-Arg- 
Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Gly-Gln-Ile-Val-Gly-G lY-Vfil-Tyr-Leu-Leu- 
Arg-Gly-Pro-Arg-Leu-Gly-Val. -Arg-Ala-Thr- 
Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 
and (VIII) 

Gin-Pro- I le-Pro-Lys-Val -Arg-Arg -Pro - 
-^g-Thr-Trp-Ala-G:Ln--Pro--Gly-Tyr-Pro-Trp- 
ly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly- 
Leu-jfcer-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
-ThryAsp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 



wherein X 



(xi) 




CH or -NH 



2' 



and 



(IIH) 



(III) 



(IV) 



(V) . 



(VI) 



(VII) 



(IX) 



segments, mixtures, combinations, conjugates 
ymers thereof. 



28. An enzyme lLnked immunosorbent assay (ELISA) test 
kit for the detection of /antibodies to HCV or NANBHV or the 
diagnosis of HCV or NANBHV infection comprising: 
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t 





compartmented enclosure containing multiple 
wells/ coated with a peptide composition 
according to Claim 1; 

a negative control sample; 

an/ inactivated HCV positive control sample; 



ecimen diluent comprising PBS buffer 

aining 20% by volume normal goat serum; 1% 
y weight gelatin and 0.05% by weight TWEEN 20; 

peroxidase labelled antibodies to human IgG; and 

a color change indicator. 



29. An ELISW test kit according to claim 28 wherein 
the multiple wells ar4 coated with a peptide composition which 
is a combination of peptide. I, II, III and V with an amino acid 
sequence : 

Cys-Val-Val^Ile-Val-Gly-Arg-VaJ -Val-Leu-Ser-Gly- 
Lys-Pro-Ala£lle-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr- 
Arg-Glu-Ph*^sp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His- 
Leu-Pro^Tv//lle--Glu--Gln-Gly--Met-Met--Leu-Aia-Glu- 
Gln-Phe-yys^gJja<Lys-Ala-Leu-Gly-L.eu-Leu-Gln-Thr- 
Ala-Ser"RjE^Sln-Ala-Glu-Val-Ile-Ala--Pro-Ala-Val-- 
Gln-Thr-SrSn-Trp-Gln-Lys-Leu-Glu^Thr-Phe-Trp-Ala- 
Lys-His-M£t-Trp-Asn-Phe-X 

wherein X is -O^ or -NH 2 and analogues thereof. 

30. An EL ISA test kit according to claim 28 wjjerfein 
^ the multiple wells are coated with a peptide coipptfs i t ion 

comprising a segment of Peptide II and ha^rfTg an amino acid 
seguence selected from the group collating of: 

(i) Cys-Ser-Gln«His~Leu^ro-Tyr-Ile-Glu-Gln-Gly-Met- 
Met-Leu-Ala-Glu-5>Tn--Phe-Lys-Gln--Lys--Ala-Leu-Gly- 
Leu-X; 

(ii) Asp-Glu-^J^-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-GUK^ln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- 
Gln^Eys-Ala-Leu-Gly-Leu-X; 

(iii) ^^u-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Fro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X; 
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• 



(iv) Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu 7 
Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Gli 
Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-I^s- 
Ala-Leu-Gly-Leu-X; 

(v) Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Gl'u-Phe- 
Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-,Pro-Tyr- 
ne-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln/Phe-Lys- 
Gln-Lys-Ala-Leu-Gly-Leu-X; 

(vi) Ser-Gly-Lys -Pro-Ala- I le-I le-Pro-Asp-^rg-Glu-Va 1- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-GluAGlu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-lle-Glu-Gln-Gl#-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X; 

wherein X is -OH or -NH 2 and ana logues/thereof . 



31. An ELISA test kit according to claim 28 wherein 
the multiple wells are coated wit)* a peptide having an amino 
acid sequence: 

Ser-Gly-Lys-Pro-Ala-Il4-Ile-Pro -Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-iysp-Glu-Met-'.Uu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-ile-Glu-Gln- Mly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys/Gln-Lys-Ala-I.eu-Gly-Leu-X; 

wherein X is OH or -NH 2 afad analogues thereof. 

32. An ELISA/ test kit according to claim 28 wherein 
the multiple wells a/e coated with a peptide composition 
comprising a segmer/t of Peptide III having an amino acid 
sequence selected/from the group consisting of: 



(i) He-Ile-/Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu^Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-X;/ 

(ii) Ser-tfly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 

GlnAHis-Leu-Pro-Tyr-Ile-X; 

(iii) Gj/y-Arg-Val-Val-Leu-Ser-Gly-Lys-Pro-Ala-Ile-Ile- 
co-Asp-Arg-Glu-Val-Leu-Tyr-Ary-Glu-Phe-Asp-Glu- 

*let-Glu-Glu-Cys-Ser-Gln-His~Leu-Pro-Tyr-Ile-X; 

(iv) / Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val-Leu-Ser-Gly- 
Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr- 
Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His- 
Leu-Pro-Tyr-Ile-X; 

wherein X is -OH or -NH 2 and analogues thereof. 
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/ 



An EL ISA test kit according^ 
the peptide is: 




wher 



ein 



( ii) Ser-Gly-Lys-Pro^ftla-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arcr^Hu^-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-^etf-Pro-Tyr-Ile-X; 

wherein Xjfs -OH or -NH 2 or an analogue thereof. 

34. An ELISA testf kit according to Claim 28 wherein 
the multiple wells are coated with a peptide composition 
comprising a combination jot Peptide VI I i and IX having an amino 
acid sequence: 

Ser-Thr-Ile-prc>A3ys--Pro-Gln-Arg-T,ys-Thr-Lys--Arg-- 
Asn-Thr-Asn-A^AXrg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Gly-Gly-GlyyGIn^Ile-Val-Gly-GlY-Val-Tyr-Leu-Leu-- 
Pro-Arg-ArgAGiy^p>-*AYg-Leu-Gly -Val-Arg-Ala-Thr- 
Arg-Lys-Thri-ayr^lu-Arg-Ser--Gln fro-Arg-Gly-Arg- 
Arg-Gln-Prd^3/g-Pro-Lys-Val-Aj:<i -Ary-Pro-Glu-Gly- 
Arg-Thr-Trp-AIa-Gln-Pro-Gly-Tyi. -Pro-Trp-Pro-Leu- 
Tyr-Gly-Asn-Giu-Gly-Cys-Gly-Trp-Ala-Gly-Trp-Leu- 
Leu-Ser-Pro-/yrg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro- 
Thr-Asp-Pro-#rg-Arg-Arg-Ser-Arg-Asn-Leu-Gly-X; 

wherein X is/ -OH or -NH 2 and analogues thereof. 

„.3£Y An ELISA test kit according to Claim 28 wherein 
the multiple wells are coated with a peptide compos>tfion 
comprising a segment of Peptide VIII having ap^amino acid 
sequence selected from the group consist^irfig of: 

(i) Thr-Lys-Arg-Asn-Thr-Asn-A^-Arg-Pro-Gln-Asp-Val- 
Lys-Phe-Pro-Gly-Gly-Gly^Gln-Ile-Val-Gly-Gly-Val- 
Tyr-Leu-Leu-Pro-Arg^Trg-Gly-Pro-Arg-Leu-Gly-Val- 
Arg-Ala-Thr-Arg-Ly€-Thr-Ser-Glu-Arg-Ser-Gln-Pro- 
Arg-Gly-Arg-Arc 

(ii) Asp-Val-Lys^Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val-Gly- 
Gly-Val-^ryr-Leu-Leu-Pro-Arg-Arg-Gly-Pro-Arg-Leu- 
Gly-Va^Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu-Arg-Ser- 
Gln-^ro-Arg-Gly-Arg-Arg-X; 

(iii) ^yBl-Gly-Gly-Val-Tyr-Leu-Leu-Pro-Arg-Arg-Gly-Pro- 
Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu- 
Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-X; 
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( iv) Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys-Th/f- 
Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-X; / 

wherein X is -OH or -NH2 or an analogue thereof. / 

#6. An EL ISA test kit according to Olaim ^8 wherein 
the multiple wells are coated with a peptider composition 
comprising a segment of Peptide IX having/an amino acid 
sequence selected from the group consisting of: 

( i) Ile-Pro-Lys-Val-Arg-Arg-Pro-Glii-'niy-Arg-Thr-Trp- 
Ala-Gln-Pro-Gly-Tyr-Pro-Trp-FNro-J.eiJ-Tyr-Gly-Asn- 
Glu-Gly-Cys-Gly-Trp-Ala-GlyyTrp-r»eu- l.eu-Ser-Pro- 
Arg-Gly-Ser-Arg-Pro-Ser-Tri/-Gly-l'j.o-'J , hr-Asp-Pro- 
Arg-Arg-Arg-Ser-Arg-Asn-Leu-Gly -X; 

( ii) Thr-Trp-Ala-Gln-Pro-Glyyryr-Pro- Trp-Pro-Leu-Tyr- 
Gly-Asn-Glu-Gly-Cys-GlyATrp-Ala-Gly-Trp-Leu-Leu- 
Ser-Pro-Arg-Gly-Ser-Ar#-Pro-Ser-Trp-Gly-Pro-Thr- 
Asp-Pro-Arg-Arg-Arg-aer-Arg-Asn-Leu-Gly-X; 

(iii) Leu-Tyr-Gly-Asn-Glu/Gly-Cys-Gly-Trp-Ala-Gly-Trp- 
Leu-Leu-Ser-Pro-Ary-Gly-Ser-Arg-Pro-Ser-Trp-Gly- 
Pro-Thr-Asp-Pro-Ai/g-Arg-Arg-Ser-Arg-Asn-Leu- 
Gly-X; / 

( iv) Trp-Ala-Gly-Trp^Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg- 
Pr o-Ser-Trp-Gly-P ro-Thr -Asp-Pro -A eg- Arg-Arg-Se r- 
Arg-Asn-Leu-G£y-X; 

wherein X is -OH 0/ -NH2 or an analogue thereof. 

37. Ar/ ELISA test kit according to Claim 28 wherein 
the multiple wells are coated with a peptide composition 
comprising a/peptide having an amino acid sequence as follows 



Sei^-Thr-Ile-pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg- 
As^-Tht-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
ly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
^ro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
/Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 
Arg-X 

wherein X is -OH or -NH 2 or an analogue thereof. 
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38. An EL ISA test kit according to Claim 28 where} 
the multiple wells are coated with a peptide composition 
comprising a peptide having an amino acid sequence as follows: 

G ly-A rg-Arg -Gin-Pro- I le-Pro~Lys-Va i-Arg-Arg-Pro- 
Glu-Gly-Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro/Trp- 
Pro-Leu-Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-ALa-Gly- 
Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-S'er-Trp- 
Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arq-Ser-Arg/Asn-Leu- 
Gly-X; 

wherein X is -OH or -NH2 and analogues thereof. 

39. An EL ISA test kit according to Claim 28 wherein 
the multiple wells are coated with a pi-iplide composition 
comprising a mixture of Peptides I3/H and V, Peptides IIH and V 
having the following amino acid sequences respectively: 

(i) ' Ser-Gly-Lys-Pro-Ala-Iiy-Ile-Pro A:.;p--Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-A5p-Glu-Mei -fjlu- (Jlu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Zle-Glu-Gln <;J y - Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys/Gln-Lys-Al n ■ r,eu-t;iy-Leu-X (IIH) 

( ii ) Lys-Gln-Lys-Ala-Lj£u-Gly-Leu-Leu - Gl n-Thr-Ala-Ser- 
Arg-Gln-Ala-Glu-Jfal-Ile-Ala-Pro- Ala-Val-Gln-Thr- 
Asn-Trp-Gln-Lys/Leu-Glu-Thr-Phe- Trp-Ala-Lys-His- 
Met-Trp-Asn-Ph/-X; (V) 

wherein X is -OH or/-NH2 or analogues thereof. 



40. An /EL ISA test kit according to Claim 28 wherein 
the multiple wells are coated with a peptide composition 
comprising a /mixture of Peptides IIF, HID and V, Peptide IIF, 
HID and V paving the following amino acid sequences 
respective 




ro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu- 
Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu- 
Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys- 
Ala-Leu-Gly-Leu-X; 

(i/) Se r-Gly-Lys -Pro-Ala- I le-I le-Pro-Asp-Arg-Glu-Va 1 - 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-X; 



(IIF) 



(HID) 
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( iii) Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser- 
Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr- 
Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp-Ala-Lys-His- 
Met-Trp-Asn-Phe-X; 

wherein X is -OH or -NH2 or analogues thereof. 



41. An ELISA test kit according to Claim/28 wherein 
the multiple wells are coated with a peptide composition 
comprising a mixture of Peptides IIH, V and VLXIE, Peptide IIH, 
V and VIIIE having the following amino ncid Sequences 



respectively : 



/ 



(i) 



(ii) 



(iii) 



/ 



Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro 7 Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met^-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-G^-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X; 



Lys-Gln-Lys-Ala-Leu-Gly- 
Arg-G.ln-Ala-Glu-Val-Ile-A} 
Asn-Trp-Gln-Lys-Leu-Glu-" 
Met-Trp-Asn-Phe-X; 



Leu -Gln-Thr-Ala-Ser- 
Pro-A.la-Val-Gln-Thr- 
r-Phe-Trp-Ala-Lys-His- 



Ser-Thr-I le-pro-Lys-Pr^b-Gln-Arfi-i .ys-T'hr-Lys-Arg- 
Asn-Thr-Asn-Arg-Arg-Dto-Gln-Asp- Vm.I- l.ys-Phe-Pro- 
Gly-Gly-Gly-Gln-IleyVal-Gly-Gly-Val-MVr-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro/Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Ser-G]^u-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 
Arg-X; 



(IIH) 



(V) 



(VIIIE> 



wherein X is -OH or -^H 2 or an analogue thereof. 

42. An EJSISA test kit according to Claim 28 wherein 
the multiple wel/s are coated with a peptide composition 
comprising a mixture of Peptides VIIIE and IXD, Peptide VIIIE 
and IXD having the following amino acid sequences respectively: 



(i) Ser/Thr-Ile-pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg- 
Asci-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
G^-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
rg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 
'Arg-X; 



(VIIIE) 
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(ii) Gly-Arg-Arg-Gln-Pro-Ile-Pm^i^s-Val-Arg~Arg-Pro- 
Glu-Gly-Arg-Thr-Trp-AJ^tTln-Pro-Gly-Tyr-Pro-Trp- 
Pro-Leu-Tyr-Gly^Aerr^Glu-Gly-Cys--Gly-Trp-Ala-Gly- 
Trp-Leu-Leu^ef~Pro--Arg-Gly--Ser-Arg-Pro-Ser-Trp- 
Gly-Pro-Jhf-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
Gly-X>^ 

wherein^x is -OH or -NH2 and analogues thereof. 



(IXD) 



43. A peptide v/hich is immunoreactive to HCV with at 
least about 15 to not mo/re than about 65 amino acids in a 
sequences having as a segment thereof said segment selected 
from the group consisting of: 

( i ) Ser-Gly-Lys^Pro-Ala ; 

(ii) Ile-Ile-Pr^-Asp-Arg ; 

(iii) Glu-Glu-|Cf s-Ser-Gln; 

(iv) His-Leu-V r °-x^y r -ll e /' 

(v) Glu-Gln^31y-Met-Met ; 

(vi) Leu-.Ala/-Glu-Gln-Phe; 

(vii) Lys-Gl/)-Lys-Ala-Leu ; 

(viii) Gly-Le'u-Leu-Gln-Thr ; 

(ix) , Glu-^al-Ile-Ala-Pro; and 
Glu-fral-Leu-Tyr-Arg . 
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this application in accordance with Title 37. Code of Federal Regulations, § 1.56(a). 

[ 3 I hereby claim foreign priority benefits under Title 35, United States Code § 119 
of any foreign appl ication(s) for patent or inventor's certificate listed below and have 
also identified below any foreign application for patent or inventor's certificate 
having a filing date before that of the application on which priority is claimed: 
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'07/510,153 April 16, 1990 pending 

Application Serial No. Filing Oate Status (patented, 

pending, abandoned) 



[X] In this continuation-in-part application, insofar as the subject matter of any of 
the claims of this application is not disclosed in the prior United States application 
in the manner provided by the first paragraph of Title 35, United States Code, § 112, I 
acknowledge the duty to disclose material information as defined in Title 37, Code of 
Federal Regulations, § 1.56(a) which occurred between the filing date of the prior 
application and the national or PCT international filing date of this application. 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed tn be true; and further that 
these statements were made with the knowledge that willful false statements and the. like 
so made are punishable by fine or Imprisonment, or both, under Section 1001 of Title 18 
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(Reg. No. 16,967), John D. Foley (Reg. No. 16,836), John A. Diaz (Reg. No. 19,550), 
Thomas P. Dowling (Reg. No. 19,221), John C. Vassil (Reg. No. 19,098), Warren H. Rotert 
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-> 19.825), Harry C. _Marcus (Reg. No. 22,390), Robert Z. Paulson (Reg. No. 21,046), Stephen 
R. Smith (Reg. No. 22,615), Kurt E. Richter (Reg. No. 24,052), J. Robert Dailey (Reg. 
No. 27,43(1), Eugene Moroz (Reg. No, 25,237), John F. Sweeney (Reg. No'. 27,471), Arnold 
I. Rady (Reg. No. 26,601), Christopher A. Hughes (Reg. No. 26,914), William S. Feiler 
(Reg. No. 26,728), Joseph A. Calvaruso (Reo. N 0> 28,287), James V, Gould (Reg. No. 
28,859), Richard C. Komson (Reg. No. 27 ,9jg7£Urael Blum (R"e"g. No. 26,710) and f-^j j 
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as to any action to be taken in the U.S. Patent and Trademark Office regarding this 
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- 



Res!den « 159 Hill Park Avenue. C^ at Neck. ^ VrnV jnn^ daie 
Citizenship U.S.A. 




Post Office Addr. $s United Pi^jpal faa, , ? Npv^, Dri ve, Lak* SMffiSSS Ijt Y 11042 



Full name of second joint inventor, if any 

Inventor's signature - 

Residence ddte 



Citizenship 



Post Office Address' 



[ 3 l \ mZ ° PA6E T ° C0MBINE ° ORATION AND POWER OF ATTORNEY FOR SIGNATURE 

BY THIRD AND SUBSEQUENT INVENTORS FORM. ^NATURE 



* Before signing this declaration, each person signing must: 

1. Review the declaration and verify the correctness of all information therein; 

2. «eview the specification and the claims, including any amendments made to the 

After the declaration is signed, the specification and claims are not to be altered. 
To the inventor(s): 



- 3 - 



Title 37. Cnrfa nf r, a l Repu1p 
Duty of disclosure 



(a) A duty of candor and. good faith toward the Patent and Trademark Office rests on 
the inventor, on each attorney or agent who prepares or prosecutes the application and 
on every other individual who is substantively involved in the preparation or 
prosecution of the application and who is associated with the inventor, with the 
assignee or with anyone .to whom there is an obligation to assign the application. All 
such individuals have a duty to disclose to the Office information they are aware of 
which ,s material to the examination of the application. Such information is material 
where there is a substantial likelihood that a reasonable examiner would consider it 
important in deciding whether to allow the application to issue as a patent. The duty 
is commensurate with the degree of involvement in the preparation or prosecution of the 
application. 



c) Any application may be stricken from the files if: 

(1) An oath or declaration ... i s signed in blank; 

(2) An oath or declaration ... is signed without review thereof by the person 
making the oath or declaration; 

(3) an oath or declaration ... i s signed without review of the specification 
including the claims . . . ; 



(4) The application papers filed in the Office are altered after the signing 
of an oath or declaration ... referring to those application papers. 

Title 35. U .S. Corf* § ]1Q " 

Benefit of earlier filing date in foreign country; right of priority 

An application for patent for an inventor filed in this country by any person who 
has or whose legal representatives or assigns have, previously regularly filed an 
application for a patent for the same inventor in a foreign country which affords 
similar privileges in the case of applications filed in the United States or to citizens 
of the United States, shall have the same effect as the same application would have if 
Hied in this country on the date on which the application for patent for the same 
invention was first filed in such foreign country, if the application in this country is 
fUtd within twelve months from the earliest date on which such foreign application was 

I u'\ .\ n ° Pat6nt Sh8n 66 9rdnted ° n Bny «PP"-«t1on ^r patent for an invention 
which had been patented or described in a printed publication in any country more than 

7 Vl\ I ° f ^ aCtUa1 fiHn9 ° f the »PP"««™ ^is country, or 

filing ^ °" *° COUOtry m ° re thdn °° e yB8r P Hor t0 such 

Title 35. U.S. CnriP. j JO? 

Benefit or earlier filing date in the United States 

An application for patent for an invention disclosed in the manner provided by the 
first paragraph of section 112 of this title in an application previously filed in the 
United States, or as provided by section 363 of this title, which is filed by an 
inventor or inventors named in the previously filed application shall have the same 
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effect, as to such ■ ..tion, as though filed on the date of t ,,Hor application, if 
filed before the patching or abandonment of or termination of proceedings on the first 
application or an application similarly entitled to the benefit of the filing date of 
the first application and if it contains or is amended to contain a specific reference 
to the earlier filed application. 

Title 35. U.S. Code ^ mi 

Inventions patentable 

Whoever invents or discovers any new and useful process, machine, manufacture, or 
composition of matter, or any new and useful improvement thereof, may obtain a patent 
therefor, subject to the conditions and requirements of this title. 

Title 35 U.S . Code 6 in? 

Conditions for patentability; novelty and loss of right to patent 
A person shall be entitled to a patent unless — 

(a) the invention was known or used by others in this country, or patented or 
described in a printed publication in this country, more than one year prior to the date 
of the application for patent in the United States, or 

(b) the invention was patented or described in a printed publication in this or 
foreign country or in publicise or on sale in this country, more than one year prior to 
the date of application for patent in the United States, or 

(c) he has abandoned the inventor, or 

(d) the invention was first patented or caused to be patented, or was the subject 
of an inventor's certificate, by the applicant or his legal representatives or assigns 
in a foreign country prior to the date of the application for patent in this country on 
an application for patent or inventor's certificate filed more than twelve months before 
the filing of the application in the United States, or 



(e) the invention was described in a patent granted on an application for patent by 
another filed in the United States before the invention thereof by the applicant for 
patent, or on an international application by another who has fulfilled the requirements 
of paragraphs (1), (2), and (4) of section 371(c) of this title before the invention 
thereof by the applicant for patent, or 



(f) 



he did not himself invent the subject matter sought to be patented, or 



(g) before the applicant's invention thereof the invention was made in this country 
by another who had not abandoned, suppressed, or concealed it. In determining priority 
of invention there shall be considered not only the respective dates of conception and 
reduction to practice of the invention, but also the reasonable diligence of one who was 
first to conceive and last to reduce to practice, from a time prior to conception by the 
other . . . 

Title 35. U.S. CndP S \t* 

Conditions for patentability; non-obvious subject matter 

A patent may not be obtained though the invention is not identically disclosed or 
described as set forth in section 102 of this title, if the differences between the 
subject matter sought to be patented and the prior art are such that the subject matter 
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as a whole would hav. . c en obvious at the time the invention w .,ade to a person having 
ordinary skill in the .rt to which said subject matter pertains. Patentability shall 
not be negatived by the manner in which the invention was made. 

Subject matter developed by another person, which qualifies as prior art only under 
subsection {f) or (g) of section 102 of this title, shall not preclude patentability 
under this section where the. subject matter and the claimed invention were, at the time 
the invention was made, owned by the same person or subject to an obligation of 
assignment to the same person. 

Title 35. U.S. Code 6 112 tin nartl 

Speci f ication 

The specification shall contain a written description of the invention, and of the 
manner and process of making and using it, in such full, clear, concise and exact terms 
as to enable any person skilled in the art to which it pertains, or with which it is 
most nearly connected, to make and use the same, and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

Please read carefully before signing the Declaration attached to the accompanying 
Application. 

If you have any questions, please contact Morgan & Finnegan 



Rev. 4/89 M&F 
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Docket No. 1151-4043 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant(s) or Pa ten tee( s ): Chang Yi Wang 
Serial No. or Patent No.: To be assigned 
Filed or Issued: July 25, 1990 



Group Art Unit: To be assigned 
Examiner: To be assigned 



For: SYNTHETIC PEPTIDES SPECIFIC FOR THE DETECTION OF ANTIBODIES TO HCV, 
DIAGNOSIS OF HCV INFECTION AND PREVENTION THEREOF AS VACCINES 
VERIFIEO STATEMENT (DECLARATION) CLAIMING SMALL ENTITY 
STATUS (37 CFR S 1,9 (f) and 6 1.27 (cl) - SMALL BUSINESS CONCERN 

I hereby declare that I am 

( ] the owner of the small business concern identified below: 

6qI an official of the small business concern empowered to act on behalf of the concern 
identified below: 

name of concern United Biomedical Inc. 



address OF concern 2 Nevada Drive, lake Success, New Yo rk 1104? 



I hereby declare that the above identified small business concern qualifies as a small business 
concern as defined in 13 CFR §§ 121.3-18, and reproduced in 37 CFR (j 1.9(d), for purposes of 
paying reduced fees under section 41(a) and (b) of Title 35. United States Code, in that the 
number of employees of the concern, including those of its affiliates, does not exceed 500 
persons. For purposes of this statement, (1) the number of employees of the business concern is 
the average over the previous fiscal year of the concern of the persons employed on a full-time, 
part-time or temporary basis during each of the pay periods of the fiscal year, and (2) concerns 
are affiliates of each other when either, directly or indirectly, one concern controls or has the 
power to control the other, or a third party or parties controls or has the power to control both. 
I hereby declare that rights under contract or law have been conveyed to and remain with the small 
business concern identified above with regard to the invention enti 1 1 ed :SYNTHETIC PEPTIDES SPECIFIC 
FOR THE DETECTION OF ANTIBODIES TO HCV, DIAGNOSIS OF IK:v INFECTION by inventor(s) 

AND PREVENTION THEREOF AS VACCINES C hang Yi W ang 

described in 

K>3 the specification filed herewith 

[ 3 application Serial No. , filed 

t 3 Patent No. . issued 



If the rights held by the above identified small business concern are not exclusive, each 
individual, concern or organisation having rights to the invention is listed below* and no rights 
to the invention are held by any person, other than the inventor, who could not qualify as a small 
business concern under 37 CFR § 1.9(d) or by any concern which would not qualify as a small 
business concern under 37 CFR § 1.9(d) or a nonprofit organization under 37 CFR § 1.9(e). 

*N0TE: Separate verified statements are required from each named person, concern or 
organization having rights to the invention averring to their status as small entities. 
(37 CFR § 1.27) 



NAME , 

ADDRESS 

[ 3 Individual [ 3 Small Business Concern [ ] Nonprofit Organization 

NAME 

ADDRESS __ 

( 3 Individual [ 3 Small Business Concern [ ] Nonprofit Organization 

I acknowledge the duty to file, in this application or patent, notification of any change in 
status resulting in loss of entitlement to small entity status prior to paying, or 



Express mail No. LB211744522 



at the time of paying, the rliest of the issue fee or any maintena .. : fee due after thj|Ttfa^crQ,*ffV 
which status as a small entity is no longer appropriate. (37 CFR § 1.28(b)) Uf a %j< 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application, any 
patent issuing thereon, or any patent to which this verified statement is directed. 



NAME OF PERSON SIGNING 



Chang Yi Wang 



title of person other than owner Chief Executive Officer 



address OF person signing 2 Nevada Drive, Lake Success, New Y ork 11042 



SIGNATURE 




DATE 



Rev 4/89 MAF 



^Wt ; or Dem^G^r 
As OeiaiWAi. F IC £& 

' - ; 01/558799 



A 492 nm 




m 

H 
O 

m 



> 



o 



USI 




o 








~0 


c 






o 


O 


=J 


a 


n 


o 










SAM 


ANT 






(— 


m 


m 


Q 


=*= 


o 








o 







EXPRESS- MAIL Label No. LB211744522 



hkMT or DeauMNG 

: W7558799 



A 492 nm 



-* -* |o 

o in h 

-I 1 L_ 




N5 

In 
i . 



b 
- 1 




04 

In 



< O > O O 

I I I I I 

<3 □ > O O 



"0 "D U "0 "0 

g g tg eg i? 
< < = = - 



x 
m 

x 
o 
< 



o 

o 
o 



c 

00 

o 

"0 
73 
O 
— I 

m 



CO 

> 
m 



m 

H 

o 
m 



o > 

? 3 



o 
o 

> 



I 



o 
u 
o 



3D 
m 
o 

o 
o 



fis Oei&»u*u 



117558799 



A 492 nm 



p p p • — * 

cj» o cn o In 

1 1 1 i_ 



o 

i ,, 



S=3 




< nn 



r 



< □ > o o 

I I I I I 

< a > o o 



TJ TI U U TJ 

J3 53 <g <g jg 

< < 5 = L 



01 
o 



m 

o 
< 



o 

o 
o 



CO 
o 

~D 

o 
— i 
m 



1*8 



m 

H 
O 

m 



o 
o 



\ 

o 
o 
o 



o 
-z. 

o 



PfcMT or DeauMtJG 
lis OewuAu Fiue* 



7558799 



A 492 nm 



o 
cn 



o 
o 

_l 



p -* - k 
w b oi 
— i 1 t_ 



NO 

b 
- 1 . 



N3 

In 



04 

b 
_i 



cn 



b 

_i 




< a > o o 



< a > o o 



2 2 1) D T) 

<3 g >3 «3 <3 

• • • > s 

< < = = - 



cn 



x 
m 

x 
o 
< 

co 

o 
o 

I 

o 

— x 

o 
o 

~n 
c 

CO 



O 
—\ 

m 



CO 

> 

r~ 
m 



m 
tj 

— i 
o 

m 

> 
TI 

O 
O 

> 



o 
o 
o 
§: 

:z 
> 



73 

m 
o 

o 



1 



kto«f«» # ; (17558799 



4? 



\ 



\ 



FREQUENCY 



FREQUENCY 



b "J 1 1 1 1 1 I 1 1 L. 



C 



g 



"22 

zzzzzzzzzzzza 



0 I 



1 1 I 1 * 1 t j ^ 



SS//S///S///// 



c/> 



3 2' 



5 



1 ! 

g 8 



"0 

CO 

> to 
w o 

H 

on 3 
m n 

CD 



■ i 

CO 

Q 

n 
z 

CO 



ffcMT or De*uMt46 



01/558799 



O — 



PEPTIDE \\F/\\\D EIA S/C RATIO 
-J ' 1 1 1 ■ ■ i i 



<B_2_ 



o ro -jo ® 

53 
o 



o 
□ 

> a 

(/) 

o 



05 - 



o o 



0 0 o o 
o o w 0 



o 

O 

s: 

> 

CO 

o 



T) 

m 

O 

m 



o 

Q 
Q. 

o 

X 
O 

z 



o 
XI 

X 

o 

X 
□ 



PEPTIDE PHA P/C RATIO 



o 

X 

o 

I 
1 

o 
> 

I 

o 



N) - 



04 - 



^ - 



cn - 



o 



N5 
O 



o 



4* 
O 

i . 



cn 
O 



cn 
o 



o 



o o 



r 



cn 



o o 

o _ 



O 

o 
o 



m 
■u 

H 
O 

m 
I 

3 

13 



Q 
Q. 

O 
X 

o 



o 

23 



X 

3 

m 
> 



fa^T OF T)eftUiiM6 



1I755S799 



S' 



S/CUTOFF 



p£ 11*14 
h 11-19 

n ii-2e-ao 



12-30-60 - 



01-09-61 - 



02-11-61 - 



01-24-60 - 




73 
> 

CO 

~n 
c 

CO 

o 
z: 



7D 
> 

CO 



> 



m 



CO 

m 

o 
o 
o 
z: 
< 
m 

CO 

o 



13 
> 

m 



|?7£58799 



S/CUTOFF 



ooiocnomo uibui 



07/97/BO 



0B/11/B0 - 



W/OB/W 



GO 

r~ 
m 
m 

O 10/13/80 

5 



11/&5/B0 
11/10/BO - 



12/00/BO - 



01/«/*1 - (» 



JL 



JL. 



to 
o 
o 



™n — 

O 
O 



ALT 



o 
c 

II 

o 




—I — 
O) 

o 
o 



> 

co m 



"T3 

> 



o 
o 
o 

5 < 

J m 
x o 

> TJ 
2 > 
CD Z 

x m 



-< 

CD 
O 



GO 

o 
o 



.V, 

OO 

Do x 
\ _ 



FREQUENCY 



FREQUENCY 





t-Wr or Denude, 0) 



— 1 



W7S5S799 




o o 
n o 




> 
> 

CO 



o 
o 
z: 



o 

-< 

— i 
m 

CO 



CO 

■< 



g 

o 

"D 

m 

H 

o 
m 

OD 

> 

CO 

m 
o 



> x 



o 
< 



m 
c 

H 
> 

N 
> 



. Vsamt of T>e*uMM6 



rONA based OA OD at 492 nm 




* 



ft.\MT or De*UMM6 



CO 

s 

c 



Absorbance at 492nm 



_i 



I 



CO ' 



3 



K Fi Fi Fn 
> w ro 



07755S799 



m 

m 3 

x "D 

o rn 

o > 

o ^ 

m z 



o 
> 



c 
o 
r~ 
m 
o 

CO ^ 

S o 

3 1 

m > 



^> 33 

< m 

= o 

T i 



ftlvMT or "Dfc*UMt46 
As Oei&naAu Fiu&& 



CO 

s 

c 
m 
z 

o 
m 



Absorbance at 492nm 



ho 



OJ 
— I— 



3 _ i 



1j 



■ ► • 



■o 



■ ► • 

CO CO CO 

2 ^ > 

2 2 2 

"0 T> "0 

I- r- r- 

n m n 

* % * 

U N) — 



X 

> 
I 

m 



m 

H 
O 
T> 

m 
> 

O 

o 
> 



m 

x 
o 
< 

o 
o 

70 

m 

c 
o 
r~ 
m 

O _ 
> S 

a o 

"D O 
70 ^ 

m > 



70 

m 
o 

o 
z 

o 
11 



fls 07/55S799 



a 7 i 



3 



I 



§ ft 



i 



3 C w 



+ 0 + 



3 » 



z p 

I 



uu 

I 



10 ^ 



Absorbance at 492nm 

-*' ro 04 
i 1 1 1 1 — 



n 



VWt op T>e*uMN<j 

»s r,u» A 0/7558799 



Absorbance at 492nm 



5 



cn 
P 

* « * 
Two 



04 




X 


b 




GO 


1 


i 




Ol 










o 


+ 



-* X 

CD 3 jD 

8 ■ I 

w w O 



00 



-to OJ 
J 1 1 I I— 



9 

H 
B 



o 

K 



4; 



YtsUT op 'DenuMNG 



IF/558789 



Absorbance at 492nm 



lit 

'Two 



u 

O) 

b 



X 

go 



3 
I 



vj 3 CD 

+ M + 

www 



CD 

o 



3 £ 

GD — » 



04 
—I 



V •• ••• 



3 



077558799 



FREQUENCY 




CD 
I - 

m 
rn 
o 

m 

06-25-80 
09-03-80 



► ► • 



* ► • 



§ 5 3 

■n m m 

3 oo > 

-> ^ 

n o o 

lis 

-n ~n zn 
■n -n "n 

I! II II 

pop 

io io w 
o o o 
CJ1 -* o 

Q Q O 



3 

3 



P««4T OF DeftUMNS 

As Ficefr 



S/CUTOFF 



o 
o 



09-18-80 H> ♦ 

I/ / 



09-22-80 



09- 29-80 

10- 07-80 
10-11-80 
10-15-80 
10-22-80 
10-24-80 
10-29-80 

10- 31-80 

11- 03-80 

11-14-80 
11-19-80 

11- 26-80 
• 11-28-80 

1 2- 03-80 



TO 
O 



» 

o 

-J 



o 



00 

o 



o 
o 

— I— 



ro 
b 



12-30-80 
01-09-81 



£ 

CO <£> 
N> N) N> 

I i 



02-11-81 

08- 03-82 

09- 05-85 - ■ 
01-24-90 




> 
Z 

CO 



m 
o 

T) 

m 
z 
— i 



81/558799 



33 
> 
Z 

CO 

~n 

c co 
co m 

o ^ 
z o 
o 
o 



< 
m 

co 
o 



> 
Z 

m 



J? 



re.\MT or Ve*uMM6 



11/558789 



HCV-EIA S/CUTOFF RATIO ( — ) 




4 



5n 



ALT mu/mL ( 



rDNA based EIA OD at 492 nm 



p 
In 



.. . cji 
, t_ 



J L_ 



ro 
o 



o © 



0 
0 



04 

o 



o 
o 

"0 

| 

o 
z 



m 

O 

m 
a 

09 
CD 
CL 



O 

o 

Q 
Q. 



cr 

Q 

CO 
(0 
CL 

I 

5 



, , rWr of T)ertunt4& 
1 ; : fls Qei&ium_ Ficea 



PEPTIDE based EIA FORMAT A OD at 492 nm 



07/558799 



a 
m 

cr 

Q 
CO 
(D 
Ol 

m 
> 

3 

i 

o 

o 
o 

o 

ID 

to 
3 




O 
O 

"0 

> 

CO 

o 



3 

^3 



O 
Q 

a. 
O 

> 



"D 

m 

"0 
H 

o 
m 

or 

a 

0) 
(T> 
Q. 

m 
> 

0) 




07755S799 

PATENT 

Docket No. U51-4Q43 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION FES TRANSMITTAL 

,HON. COMMISSIONER OF PATENTS AND TRADEMARKS 
Washington, D.C. 20231 

Sir; 

Transmitted herewith for filing is the patent application of 
Inventor(s)i Chang Yi Wang 



For : SYNTHETIC PEPTIDES SPECIFIC FOR THE DETECTION OF ANTIBODIES TO HCV. 

: DIAQTOSIS OF HCV INFECTION AND PREVENTION THEREOF AS VACCINES 
Enclosed are: 

fx) — Z§_ page(s) of specification 

fx) L_ page(s) of Abstract 

IxJ 13 page(s) of claims 

IxJ 2 7 sheets of drawing [ ]formal [^informal 

lx] „: — 6L_ sheets of Declaration and Power of Attorney 

[x) An assignment of the invention to United Biairedical Inc. __ 



[ ) Claim to Convention Priority form and a certified copy of a 
application. 





: CALCULATION OF APPLICATION 


FEE 




For 


Nmbe r Tiled Number E*fr* 


Rate 


Basic Fee 
$370.00 


Total 
Claims* 


43 ,n 23 


$12,00 


$ ?7fi.nn 


Independent 
Claims 


■5 - 3 = 2 x 


236.00 


£ " 72/00 


Multiple 

Dependent 

Claims 


[ ] yes Add'l Fee $120.00 
kxl no Add'l Fee NONE 







Total: t STO.OO 

kx) Verified Statement of "Small Entity" Status Under 37 C.F.R. § 1.27 
Filed herewith 

Reduced Fees Under 37 CfR § 1.9(f) ( 50\ of total) paid herewith S IRS.nn 



Includes all independent and single dependent claims and all claims 
referred to in multiple dependant claims. See 37 C.F.R. § 1.75(c) 



Express Mail No. LB211744522 



PATENT 



Docket No. 1151-4043 



[ ] Charge fee to Deposit Account No. 13-4500. Order No. 

A DUPLICATE COPY OF THIS SHEET IS ATTACHED . 

[p. The Commissioner is hereby authorized to charge any additional tees which may be 
required for filing this application, or credit any overpayment to Deposit Account 
No. 13-4500. A DUPLICATE COPY OF THIS SHEET IS ATTACHED. 

E>o* A check in the amount of S 185.00 to cover the filing fee is attached. 

^ A check in the amount of $8.00 for recording the Assignment is attached. 



Dated: 



Mailing Address: 



MORGAN & FINNEGAN^ 



345 Park Avenue r /6 ' s\ 
New York, New York 10154 fOcb 
(212) 758-4800 
(212) 751-6849 Telecopier 



Respectfully submitted, 
MORGAN & FINNEGAN 

By! h^MM 

foQ f MarjglC^- Li n - - - ' <~r> 

Registration Ho. 29,323 / 



Rev. 4/89 MtF 



JUL \ 



PATENT 

Docket No. 1151-4043 



IN T»5 imiTRP, STATES PATENT AND TRADEMARK QFFITE 



Applicant^) : Chang Yi Wang 
Serial No. : To be assigned 
Filed : July 26, 1990 



For 



"Group Art UnitjT 0 be assigned 
Examiner: To be assigned 



SYNTHETIC PEPTIDES SPECIFIC FOR THE DETECTION OF 
ANTIBODIES TO HCV, DIAGNOSIS OF HCV INFECTION AND 
PREVENTION THEREOF AS VACCINES 



EXPRESS MAIL CERTTPTf ftTfl 



Express Mail Label No. M211744522 
Date of Deposit July 2g, 1990 



I hereby certify that the following attached paper(s) or fee 
Application Transmittal Form with check of $185.00 

Specification 78 pages Assignment and Request for Recordation 

Claims 13 pages with check of $8.00 

Abstract 1 page 

Informal drawings 27 sheets Verified Statement of Small Entity 

Declaration and Power of Attorney 

is being deposited with the United States Postal Service "Express Mail Post 
Office to Addressee" service under 37 C.F.R. §1.10 on the date indicated above 
and is addressed to the Commissioner of Patents and Trademarks, Washington, D.C. 
20231. 



Noe Campos 

(Typed or printed name of person mailing 
paper (s) or fee) 




fee) 



Mailing Address: 

MORGAN & FINNEGAN 

34 5 Park Avenue 

New York, New York 10154 

(212) 758-4800 

(212) 751-6849 Telecopier 

Rev, 4/89 M&F 
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1151-4043 PATENT 

U.S.S.N. 07/558,799 

IN THE UNITED STA TES PATENT AND TRADEMARK OFFICE 

Applicant(s) : Chang Yi Wang 

Serial No. : 07/558,799 

Filed : July 26, 1990 

For : SYNTHETIC PEPTIDES SPECIFIC FOR THE 

DETECTION OF ANTIBODIES TO HCV, DIAGNOSIS 
OF HCV INFECTION AND PREVENTION THEREOF 
AS VACCINES 



Group Art Unit : 18^f|fe 

Examiner : Lester Lee 




Hon. Commissioner of Patents and Trademarks 
Washington, D.C. 20231 

INFORMATION DISCLOSURE STATEMENT 

Sir: 

Pursuant to 37 C.F.R. §§ 1.56 and 1.98, applicant, through her 
attorneys, makes of record the following document which the Examiner may consider 
to be relevant to the examination of the present invention as described and claimed. 
Copies of the listed documents in two binders with an index list of the references are 
attached herewith, together with a completed Form PTO - 1449. 

THE CITED DOCUMENTS 

It is respectfully requested that these documents be (1) fully considered 
by the Examiner during the course of examination of this application, (2) be listed in 
the "Notice of References Cited" issued in this application, and (3) printed on any 
application issuing from this application. 

Applicant regrets that other office matters prevented this statement from 
being filed earlier. 




Among the documents listed, References 1-29 were listed in the 
application. References 30-65 have come to the applicant's attention since the present 
application was filed. 

Due to the volume of reference articles, a discussion was had with the 
Examiner, who has contacted the Applicant's attorney in connection with the 
requirement for restriction. It was agreed that only a summary of the group of 
references which provides a background history of the discovery of the disease and the 
etiological studies will be discussed in this statement. 

The more pertinent references will be discussed individually. The 
applicant will try to point out which of the references are the most pertinent references 
to facilitate examination of the claims. 

The present application is directed to specific synthetic peptides which 
have been found to be highly specific and effective in the diagnosis of HCV infection. 
Nine peptides, their analogues, combinations and mixtures have been described and 
claimed. Seven of the peptides embrace immunodominant epitopes from the putative 
non-structural protein of the HCV and two of the peptides embrace immunodominant 
epitopes from the putative structural protein of the HCV. The peptides have been 
found to provide the capability of detecting HCV infection about three months earlier 
than the only commercially available reagent, the HCV SOD-C100 fusion protein. 
Moreover, the detection rate is much higher showing that the peptides of the present 
application is much more sensitive and accurate. 

The following is a discussion of the references. 

Much of the literature is historical and describes the etiological studies 
of NANBH (1-15, 30-42), and the many attempts to isolate, purify and identify the 



-2- 




causative agent (16, 17, 18, 27, 29, 43, 45-48, 50). Only a summary of these 
references will be provided here. 

The first recognition of the existence of a form of hepatitis associated 
with blood products and transfusion occurred in England in 1944(1). Based on 
clinical evidence using human subjects, two forms of hepatitis were observed, an 
infectious type (Hepatitis A) and a serum related type (Hepatitis B) (2, 3). Since the 
development of specific serological markers for HAV and HBV, it became 
increasingly obvious that another form of transfusion associated hepatitis exists. In 
1974, Prince et al. first showed, by statistical analysis of available test data, the 
existence of a non-A-non-B viral type hepatitis, NANBH, caused by an unknown 
agent, which he named Hepatitis Virus type C (4), NANBH was confirmed by others 
by studying data from post-transfusion hepatitis patients who received blood units 
which were pre-screened to eliminate HBV and further analyzed to show the absence 
of HAV (5, 6, 7, 9, 33, 36, 38). The etiology of NANBH has been summarized in 
great detail (30, 42). In a slide presentation to the American Association of Blood 
Banks (30), Abbott described the various types of hepatitis in a brief and succinct 
manner. The transfusion associated NANBH agent is now called the Hepatitis C 
Virus (HCV). It describes a specific marker for HCV which has been developed by 
Chiron Corporation. This specific marker is a fusion protein of human superoxide 
dismutase (SOD) with an HCV antigen described as a composite of clones 81, 32 and 
36 also called HCV C 100-3, corresponding to a non-structural gene of the HCV. 
This marker, when used in a radioimmunoassay detects HCV antibodies in 15-25% of 
the clinically diagnosed acute cases of NANBH, 67-85% of the clinically diagnosed 
cases of chronic NANBH. Between 0.2 and 1.2% of random donors were found 
reactive for HCV antibody. Because the marker failed to detect 100% of NANBH, 
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this reference suggested that a different viral antigen (preferably structural) in an EI A, 
western blot or other formats may be useful. 

There have been many attempts to isolate and identify the causative 
agent for NANBH, however, until recently the lack of success has prompted several 
authors to suggest the use of surrogate tests, such as elevated liver enzyme activity 
(ALT) as an indicator to screen the blood supply to avoid the transmission of 
NANBH. One difficulty with ALT as a surrogate marker is where to set the lower 
limit for the exclusion of donors without affecting the amount of blood available for 
transfusion. It has been shown that even by setting a low level, >_45 IU/L, only 29% 
of the cases of NANBH would have been prevented (10). Others had suggested the 
use of both anti-HBc positivity and elevated ALT as surrogate indicators for the 
screening of donor blood samples (11, 12, 14, 15, 32, 38, 40, 41). Statistical 
analysis show that this would also have only prevented 30% of transfusion associated 
NANBH. At the same time, about 8-9% of the donors would be excluded, further 
reducing the available blood supply. These difficulties of using the surrogate tests 
were further discussed by Polesky et al. (39). 

Moreover, there is a need for finding a specific marker for HCV for 
diagnostic purposes. Present testing calls for a panoply of tests including liver 
enzyme activity, bilirubin, HBsAg, anti-HBs, anti-HBc, and absence of EBV (Epstein- 
Barr Virus), and CMV (Cytomegalovirus). This panoply of tests is very costly, and • 
the results are uncertain. 

References 19-26 describes immunodominant epitopes for HIV virus. 
This shows that synthetic peptides have been found to be useful for diagnosis of 
another diseases. However, these references do not relate at all to HCV and are, 
therefore, not pertinent. 



Many attempts have been made to obtain HC V in an isolated and 
purified form. These references will be discussed individually hereinbelow. 

16 & 17. Choo et al., Science . 244:359-362 (21 April 1989), and Kuo 
G. et al. Science . 244:362 (1989) describe the isolation of a cDNA clone derived 
from a genome library constructed from pooled serum from a chimpanzee known to 
contain NANBH viral material. The library was screened for rare clones expressing 
viral antigen with the serum of a patient with chronic NANBH. Using this 
technique,two positive clones were identified, clone 5-1-1 and clone 81. Clone 5-1-1 
was then recombinately expressed as a fusion polypeptide with human superoxide 
dismutase (SOD) (16). The SOD/HCV clone 5-1-1 was found to be useful as a 
specific marker for HCV for the diagnosis of NANBH (17). 

18. EP 0318216A1 (17) (Chiron application) describes in detail the 
isolation of a family of cDNA clones of portions of the HCV genome from a 
chimpanzee. Among the 26 clones so isolated were clones 5-1-1 and 81 reported in 
the Choo et al. and Kuo et al. articles (16, 17). The amino acid sequence of 
clone 5-1-1, 51 amino acids, was given in Figure 1: 

Ala-Ser-Cys-Leu-Asn-Cys-Ser-Ala-Ser-Ile-Ile-Pro- 
AspWVrg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met- 
Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln- 
Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly-Leu 

The amino acid sequence for clones 5-1-1, 81, 91 & 1-2 was 
given in Fig. 3: 

I Gly-Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val-Leu-Ser- 
j Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu- 
Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln- 
! His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu-Ala- 



Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln- 
Thr-Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala- 
Val-Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp- 
Ala-Lys-His-Met-Trp-Asn-Phe-Ile-Ser-Gly-Ile-Gln- 
Tyr-Leu-Ala-Gly-Leu-Ser-Thr-Leu-Pro-Gly-Asn-Pro- 
Ala-He-Ala-Ser-Leu-Met-Ala-Phe-Thr-Ala-Ala-Val- 
Thr-Ser-Pro-Leu-Thr-Thr-Ser-Gln 

The amino acid sequences for the remaining clones are given in Figs. 4- 
32. Among the remaining clones, a fusion protein of SOD with a composite DNA of 
clones 81, 36 and 32 was also described. It was designated as HCV C-100-3. This is 
the antigen used in the commercially available test kit produced and sold by Chiron 
and Ortho as SOD/HCV C-100. The application is seventy three pages long with 
sixty three pages of drawings. Therefore, the above is only a summary of its most 
pertinent parts. 

27. Okamoto et al. Japan. J. Exp. Med. . 60:167-177 (1990) 
describe obtaining other cDNAs from a Japanese chronic NANBH patient and a 
chimpanzee. Both samples were confirmed for infectivity for NANBH by chimpanzee 
transmission experiments. Using the cDNA obtained, the 5*-terminal sequence of the 
genome of HCV was determined for both strains (27). Okamoto et al. postulated that 
this segment contains the structural genes for HCV and predicted the amino acid 
sequence of the product of the cDNA as follows: 



( a ) MSTI PKPQRKTKRNTNRRPQDVKFPGGGQI VGGVY LLPRRGPRLGVRATR 5 0 

(b) — N 

KTSERSQPRGRRQPIPKVRRPEGRTWAQPGYPWPLYGNEGCGWAGWLLSP 100 
W A A L 

RGSRPSWGPTDPRRRSRNLGKVIDTLTCGFADLMGYIPLVGAPLGGAARA 150 



LAHGVRVLEDGVNYATGNLPGCSFSIFLLALLSCLTVPASAYQVRNSTGL 200 
1 E VS-I 
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YHVTNDCPNSSIVYEAHDAILHTPGCVPCVREGNVSRCWVAMTPTVATRD 250 
s A-M-M D-S L L-A-N 

GKLPATQLRRHIDLLVGSATLCSALYVGDLCGSVFLIGQLFTFSPRRHWT 300 
ASV-T-TI V A-AF M VS E- 

TQGCNCSIYPGHITGHRMAWDMMMNWSPTAALVMAQLLRIPQAILDMIAG 350 
V-D LS T VS VV~V— 

AHWGVLAGIAYFSMVGNWAKVLWLLLFAGVDAETIVSGGQAARAMSGLV 400 
L — Y 1 -A YT A-SHTT-T-A 

SLFTPGAKQNIQLINTNGSWHINSTALNCNESLNTGWLAGLIYQHKFNSS 450 
S S-R V R D--H — F — A-F-T-R 

(a) GCPERLASCRRLTDFDQGWGPISHANGSGPDQRPYCWHYPPKPCGIVPAK 500 

(b) M 1 DW-A TYTEPDS A-R S 

(C) Y 

SVCGPVYCFTPSP 550 

Q 

VWGTTDRSGAPTYSWGENDTDVFVLNNTRPPLGNWF 

GCTWMNSTGFTKVCG APPCVIGGAGNNTLHCPTDCFRKHPDATYSRCGSG 600 

PWITPRCLVDYPYRLWHWPCTINYTIFKIRMYVGGVEHRLEAACNWTRGE 650 

RCDLEDRDRSELSPLLLTTTQWQVLPCS FTTLPALSTGLIHLHQNIVDVQ 700 

YLYGVGSSIASWAIKWEYWLLFLLLADARVCSCLWMMLLISQAEAALQN 750 

LVILNAAS LAGTHGLVSFLVFFCFAWYLKGKWVPGAVYTFYGMWPLLLLL 800 

LALPQRA YALDTE VAAS CGG WLVG LMALTLS PYY KRY I S WCLWWLQ YFL 850 

TRVQAQLHWIPPLNVRGGRDAVILLMLAVHPTLVFDITKLLLAVFGPLW 900 

ILQAS LLKVPWFVRVQG LLRFC ALARKMI GGH YVQMVI I KLGALTGTYVY 950 

NHLTPLRDWAHNGLRDLAVAVEPWFSQMETKLITWGADTAACGDIINGL 1000 

PVS ARRGRE I LLGPADGMVS KGWRLLA P I TA Y AQQTRG LLGC 1 1 TS LTGR 1050 

DKNQVEGEVQIVSTAAQTFLATCINGVCWTVYHGAGTRTIASPKGPVIQM 1100 

YTNVDQDLVGWPAPQGSRSLTPCTCGSSDLYLVTRHADVIPVRRRGASRG 1150 

SLLS PROISYLKGSSGGPLLCPAGHAVGIFRAAVCTRGVAKAVDFIPVEN 1200 

LETTMRS PVFTDNS S PP WPQS FQVAHLHAPTGSGKSTKVPAA Y AAQG Y K 1250 

VLVLNPSVAATLGFGAYMSKAHGIDPNIRTGVRTITTGSPITYSTYGKFL 1300 

ADGGCSGGAYDIIICDELHSTDATSILGIGTVLDQAETAGARLWLATAT 1350 

PPGSVTVPHPNIEEVALSTTGEIPFYGKAIPLEVIKGGRHLIFCHSKKKC 14 00 

< a > - 1450 
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(c) DELAAKLVALGINAVAYYRGLDVSVIPTSGDWWATDALMTGYTGDFDS 

T-Y RR 1500 

VIDCNTCVTQTVDFSLDPTFTIETITLPQDAVSRTQRRGRTGRGKPGIYR 

— T A -p S L 1550 

FVAPGERPSGMFDSSVLCECYDAGCAWYELTPAETTVRLRAYMNTPGLPV 

S — A-D-F K — 1600 

CNDHLEFWEGVFTGLTHIDAHFLSQTKQSGENLPYLVAYQATVCARAQAP 

V 1— 1650 

PPSWDQMWKCLIRLKPTLHGPTPLLYRLGAVQNEITLTHPVTKYIMTCMS 

ADLEWTSTWVLVGGVLAALAAYCLSTGCWIVGRWLSGKPAIIPDREV 1700 

LYREFDEMEECSQHLPYIENGMMLAENFKQKAIiGLLQTASRQAEVIAPAV 1750 

QTNWQKLETFWAKHMWNFISGIQYLAGLSTLPGNPAIASLMAFTAAVTSP 1800 

LTTSQTLLFNILGGWVAAQLAAPGAATAFVGAGLAGAAIGSVGLGKVLID 1850 

ILAGWGAGVAGALVAFKIMSGEVPSTEDLVNLLPAILSPGALWGWCAA 1900 

I LRRHVG PG EGAVNWMNRLI AFAS RGNHVS PTHYVPES DAAARVTAI LS S 1950 

LTVTQLLRRLHQWISSECTTPCSGSWLRDIWDWICEVLS DFKTWLKAKLM 2000 

PQLPGIPFVSCQRGYKGVWRVDGIMHTRCHCGAEITGHVKNGTMRIVGPR 2050 

TCRNMWSGTFPINAYTTGPCTPLPAPNYTFALWRVSAEEYVEIRQVGDFH 2100 

YVTGMTTDNLKCPCQVPSPEFFTELDGVRLHRFAPPCKPLLREEVSFRVG 2150 

LHEYPVGSQLPCEPEPDVAVLTSMLTDPSHITAEAAGRRLARGSPPSVAS 2200 

SSASQLSAPSLKATCTANHDSPDAELIEANLLWRQEMGGNITRVESENKV 2250 

VILDSFDPLVAEEDEREISVPAEILRKSRRFAQALPVWARPDYNPPLVET 2 300 

WKKPDYEPPWHGCPLPPPKSPPVPPPRKKRTWLTESTLSTALAELATR 2350 

SFGSSSTSGITGDNTTTSSEPAPSGCPPDSDAESYSSMPPLEGEPGDPDL 2400 

SDGSWSTVSSEANAEDWCCSMSYSWTGALVTPCAAEEQKLPINALSNSL 24 50 

LRHHNLVYSTTSRSACQRQKKVTFDRLQVLDSHYQDVLKEVKAAASKVKA 2 500 

NLLSVEEACSLTPPHSAKSKFGYGAKDVRCHARKAVTHINSVWKDLLEDN 2 550 

VTPIDTTIMAKNEVFCVQPEKGGRKPARLIVFPDLGVRVCEKMALYDWT 2600 

KLPLAVMGSS YGFQYSPGQRVEFLVQAWKSKKTPMGFSYDTRCFDSTVTE 2 650 

SDIRTEEAIYQCCDLDPQARVAIKSLTERLYVGGPLTNSRGENCGYRRCR 27 00 

ASRAS GVLTTS CGNTLTC Y I KARAACRAAGLQ DCTMLVCGDDLWI CESA 2750 

GVQEDAASLRAFTEAMTRYSAPPGDPPQPEYDLELITSCSSNVSVAHDGA 2800 
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GKRVYYLTRDPTTPLARAAWETARHTPVNSWLGNIIMFAPTLWARMILMY 2850 
HFFSVLIARDQLEQALDCEIYGACYSIEPLDLPPIIQRL 2889 

29. Kubo et al. Nucleic Acids Research. 17: 10367-10372 
(November 24, 1989) describe obtaining cDNA from the plasma of a Japanese blood 
donor implicated in post-transfusion NANBH. The sequence showed 79.8% 
homology at the nucleotide level and 92.2% homology at the amino acid level 
compared with the prototype HCV cDNA obtained by Chiron from a chimpanzee in 
the United States (29). See Chiron application above. 

43. Seto et al., U.S. Patent 4,673,634 (43), describes the isolation 
and purification of an antigen which is claimed to be specific for NANBH. The 
antigen was obtained from the serum of a patient who was diagnosed to have chronic 
NANBH. It was isolated by DEAE-cellulose chromatography, Con A-Sepharose 
affinity chromatography and DEAE-cellulose rechromatography. The antigen was 
tested by counterelectrophoresis using an antiserum from a chimpanzee which was 
inoculated with serum from a NANBH patient. Seto et al states that the isolated 
antigen is on the surface of the virus particle at a density of 1 . 14 g/mi and in soluble 
form having the following properties: 

a. Molecular weight of the glycoprotein monomer on sodium dodecyl 
sulfate polyacrylamide gel being about 77,000; 

b. reactive with the rhesus monkey immune serum; 

c. being a glycoprotein with about 2% carbohydrates, which are 
predominantly mannose, and about equal ratio of fucose and galactose; 

d. having an aromatic amino acid composition of phenylalanine, 
tyrosine, and tryptophan in a molecular ratio of 3:3:1; and 

e. being an immunogen. 
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Seto et al. showed the specificity of the isolated agent by testing 
it in a solid-phase radioimmunoassay using serum from patients diagnosed with 
chronic hepatitis, acute hepatitis, hepatitis A, hepatitis B and control samples. By 
using the agent, all 15 chronic hepatitis serum samples, none of the hepatitis A or 
Hepatitis B serum samples, and 3 out of 28 acute hepatitis serum samples were found 
to be positive. The amino acid content of the agent was determined, however, no 
specific amino acid sequence was disclosed. 

44. Foung et al., U.S. 4,777,245 describe the development of a 
non-human primate monoclonal antibody specific against an antigen associated with 
NANBH infection. 

Lymphocytes isolated from blood taken from an NANBH 
infected chimpanzee. The T cells were removed. The remaining B cells were 
transformed by EBV. The transformed cell were cultured and the cell supernatants 
assayed for NANB-specific antibodies by indirect immuno-fluorescence on NANB- 
infected liver sections. The positive cells were expanded and fused to form 
hybridomas and grown. Using ELISA techniques, the antibodies secreted were tested 
for specificity with NANB. 

No NANB antigen or virus was described disclosed. 
45 & 46. Tabor et al., U.S. Patent 4,356,164 and 4,395,395 (45, 46), 
describes a method of using antigen-antibody reaction in counterelectrophoresis to 
detect the presence of NANBH antigen. The anti-NANBH was isolated and purified 
from NANBH serum from a chimpanzee by precipitation with 30% ammonium 
sulfate. The anti-NANB was radiolabelled and tested using a known antigen-positive 
serum. Tabor et al. also described the use of several techniques which may be 
available for purifying the NANBH associated antigen. 
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47. Coursaget et al. f U.S. Patent 4,464,474 (47), describe a virus 
particle isolated from the urine and serum of NANBH patients. The virus particle 
resembles a togavirus and is 50-60 nm in diameter with a discrete core of about 40 nm 
in diameter. These particles were found in sera of NANBH infected patients, but not 
in patients with acute NANBH. The particles were discovered by electron microscopy 
and replicated in vivo by culturing in primate diploid cell lines, such as MRC-5 and 
WI-38 lines. The viral particles were then separated from the cell debris by low 
speed centrifugation or filtration supplemented by sedimentation with a sucrose density 
gradient. Coursaget et al. also described particle antigens as a substance containing 
an "epitopic site" of one of the viral particles. Methods of using these viral particles 
and the antibodies produced from inoculating chimpanzees and rabbits were also 
described. 

48. Villarejos et al. f U.S. Patent 4,702,909 (48), described the 
isolation of a NANBH antigen, a particle with a size of about 2nm to about 5nm, a 
density of about 1.24 to about 1.30 g/cc, and contains RNA free or bound to IgG 
molecules. These particles were isolated from serum of patients diagnosed as having 
NANBH by isopycnic banding and chromatographic fractionation. The serum sample 
may be subjected to a prior enzymatic digestion with chymotrypsin or Proteinase K. 
The fractions having a molecular weight of about 200,000 to 300,000 daltons were 
found to be antigenic. Antigenicity was determined by ELISA using antibody 
containing IgG, IgM fractions isolated by Sephadex column chromatography on a 
serum sample from patients diagnosed with NANAH. 

49. Pillot et al., U.S. Patent 4,871,659 (49), describes a method of 
detecting NANBH antigens by using IgM containing anti-NANBH antibodies. The 
IgM was purified from the serum of monkeys which have been infected with faeces 
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obtained from patients who were diagnose with NANBH. The antibodies were then 
used to detect the presence of antigens associated with NANBH in the faeces of 
hepatitis patients. No characteristics of the NANBH antigens were described. 

50. Wands et al., U.S. Patent 4,870,026 (50), described a purified 
form of a DNA virus which showed, in chimpanzees, infectivity having the 
characteristics of NANBH. The DNA virus: 

a. has a molecular weight of greater than 2 x 10 6 daltons; 

b. substantial reactivity toward an anti-HBsAg obtained from cell line 
ATCC HB 9801; 

c. substantially no immunoreactivity toward an anti-HBsAg obtained 
from cell line ATCC CRL 8018; 

d. concentration dependent binding capacity toward polyclonal IgG 
anti-HBsAg which increases with increased concentration of the DNA virus; 

e. forms discrete particulate form in the presence of IgM antibodies 
from cell line ATCC HB 9801; 

f. a polypeptide profile on SDS poly aery I amide gels, when affinity 
purified with the IgM antibodies from cell line ATCC HB 9801, comprising bands at 
about 50,000, about 23,000 and less than about 20,000; 

g. partial homology with HBV DNA by molecular hybridization; and 

h. shows infectivity, in chimpanzees, having the characteristics of 

NANBH.. 

Wands et al did not provide any amino acid sequencing of the 
DNA virus, but describe the use of hybridization techniques to obtain clones of 
NANBH virus sequences. 
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51. Chou-Fasman described a predictive model for locating alpha 
helixes, beta turns and beta sheet structures in a protein. 

52. Hopp, U.S. 4,544,101, describes a method of determining the 
relative greatest local average hydrophilitity of a protein to locate the epitopes of an 
antigen. The process calls for assigning relative hydrophilicity values to amino acids 
and determine the repetitive local average hydrophilicity values along the amino acid 
sequence of a protein. 

The method has not been found to be useful to determine 
immunodominant epitopes. 

53. Shikata, T. et al. EP 0,263,761 A2, describes NANB hepatitis 
antigen having molecular weight of 44,000 +, 2,000 with partial amino acid sequence 
represented by: 

(i) Tyr-Asn-Ser-Pro-Tur-Asn-Phe-Gln-Ue-Asp-Gly-Arg-Asn-Arg 
Lys; 

(ii) Val-Ile-Met-Asp-Leu-Lys; or 

(iii) Ser-Ser-Phe-Phe-Asn-Ser-Val-Arg-Ser-Val-Phe-Gln-Gly-His- 
Val. 

The antigen was obtained from liver specimen with NANBH 
suing sucrose density gradient and SDS polyarylomide gel electrophoresis. 

54. Takahashi, K. et al., EP 0,293,274 Al, describes DNA 
fragment with base sequence coding for NANBH hepatitis antigen protein. The DNA 
fragment was obtained from the liver of a human or chimpanzee affected with NANB 
hepatitis. A cDNA library was constructed. The cDNA was then cloned into a 
plasmid or lambda t-11 phage and transfected into E.Coli and expressed. The antigen 
is about 4,400 in MW containing 444 amino acids. 
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55. Curick, R.J. et al., EP 0,335,135 A2 describe the producing of 
monoclonal antibodies specific for NANB hepatitis infected liver. The antibodies 
were produced by isolating lymphocytes from a chimpanzee infected with NANBH. 
The lymphocytes were cultured. The supernatant of the cell cultures were screened 
against NANB liver sections. The samples which were positive were rescreened 
against HBV liver sections. Of these 62 were positive only against NANB liver 
sections. The 62 cell cultures were again cultured. After six months only 13 cell 
lines remained stable. These were assayed against NANB liver sections, HBV and 
HDV infected livers. Of the 13, only one was specific for NANB liver sections 
alone. This was labelled as a Pt-1, 

56. J. Pillot, French Patent Publication No. 2,609,807, discloses a 
new viral agent which is implicated in NANB hepatitis. A process for detecting the 
presence of NANB virus utilizes antibodies isolated from the serum of animals which 
were artificially infected by ingestion of faeces of ANNB hepatist patients. The 
antibodies IgM are fixed on a solid support for an EL1SA procedure. 

The patent publication appears to be duplicative of Ref. 49. 

57. C. Trepo, U.S. 4,542,016, describes a new vaccine against 
NANBH virus. The vaccine is prepared from selected serum or plasma of patients 
suffering from post transfusion hepatitis and asymptomatic patients showing increased 
level of GPT transaminases (ALT). 

The NANB antigen is a vaccinal antigen having the following 

characteristics: 

a. density between 1.20 and 1.30 g/ml in a Cscl solution and 
1.15 and 1.25 g/ml in a sucrose solution. 

b. electrophoretic migration in a alpha-beta-globulin zone; 
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c. spherical or filamental particles of about 10 to 45 nm in 
diameter with the complete virion appearing as a sphere with a 
dual envelope of about 35 to 45 nm in diameter; 

d. The antigen when administered to an animal provokes the 
production of antibodies which are reactive with the viral 
particles or complete virion described in paragraph 3 and is 
immune reactive with liver tissue sections from patients suffering 
from NANB. The antibodies are not reactive with HBV 
particles or liver sections from HBV patients. 

No peptides for HCV were described, taught or suggested. 
58. Arima, T. et al. f Gastroenterologia Jap. 24:540-544 (1989); to 
clone the HCV (NANBH V), a cDNA library was constructed from RNA extracted 
from serum of patients with elevated ALT levels and were negative for HBVDNA. 
29 clones were obtained which were specific for Japanese HCV. Of these, 12 clones 
were also found to be specific for American HCV. One of the 12 clones was found to 
have a unique sequence compared to HAV, HBV and HDV. This clone was 
identified as clone 18 and has the following predicted amino acid sequence. 

Glu-Phe-Gln-Glu-Lys-Lys-Gly-Glu-Ala-Ser-Asn-Gly-Glu-Ala-Glu-Asn- 
Asp-Thr-His-Lys-Lys-Gln-Arg-Arg-Tyr-Lys-Glu-Lys-Glu-Lys-Thr-Ala- 
Thr-Asn-Asn-Pro-Gly-Lys-Asn-Lys-Lys-Pro-Arg-Val-Gly-Arg-Ile-Lys- 
Asn-Trp-Asn-Arg-Glu-Gly-Arg-Lys-Asp-Ala-Tyr-Gln-Ile-Arg-lay-Arg- 
Arg-Glu-Phe 

Clone 18 was tested with serum panels of patients with elevated 
ALT and negative for HDV. Homology of the nucleotide sequence of the CDNA of 
clone 18 is not found in human chromosomal DNA, or numerous virii which were 
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tested. Recombinantly expressed Clone 18 was tested against three serum panel ;s 
from patients who have been diagnosed to have been infected with HCV. 15 out of 
19 samples (79%) with chronic HCV was detected. However, sensitive with acute 
hepatitis was much less (4/12 = 33%). 

59. Arima et al. t Gastroentrologv Jap. . 24: 545-548 (1989), describe 
the isolation of lambda gtll-random-primed-cDNA clones specific for HCV infection 
from RNA prepared from pooled serum presumably infected with HCV. 56 clones 
produced translation products which were positive from the pooled serum. Clone 2, 
positive only for chronic HCV was further tested. 50% (13/26) of the chronic HCV 
serum samples were identified. However, none of the acute HCV serum samples 
were detected. Sequencing of the cDNA gave the predicted amino acid sequence as 
follows. 

Glu-Phe-Pro-Thr-Pro-Arg-Arg-Leu-Gly-Pro-Arg-Leu-Gly-Arg-Arg-Pro- 
Ala-Leu-Met-Ala-Val-Glu-Phe 

It has no homology with human chromosomal DNA. 

60. Arima et al. Gastroenterology Jap. . 24: 685-691 (1989). 29 out 
of 56 clones reported in Ref. No. 59 were further screened. These were separated 
into three groups. 

I. Clones 14, 18, 23, 30, 19, 6, 48 and 55 
Positive for both acute and chronic HCV. 

II. Clone 53 

Positive only for acute HCV. 
m. Clones 2, 20, 26, 40, 34, 37, 31, 33, 36, 43, 7, 16 
21, 24, 29, 32, 35, 37, 44 and 45 
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The nucleotide sequences of these clones ranged from 63 to 
280 bp. 

Clones 2, 8, 14 and 18 were determined to lack homology to 
human chromosomal DNA. 

Only clones 14, 18, 23, 30, 55, 2, 20, 26, 40, 34, 43 and 45 
were specific for HCV in both Japanese and American panels. 

Out of 107 samples with elevated ALT and negative HBV, clone 
14 detected 14%, clone 2 detected 1.9% and clone 8 detected 4.7% as positive for 
HCV. It is postulated that clone 8 encodes both envelop and core-like regions of the 
virus. Whereas, clones 14 and 18 only encodes the latter. 

It appears that the infectious agent for transfusion related HCV 
is different from that of sporadic HCV. 

61. Arima et al. Gastroenterology Jap. . 25: 218-232 (1990) a 
lambda gtll-cDNA library was constructed and cloned as described in Ref. Nos. 58, 
59 and 60. This paper described one clone, clone 14, specific for HCV. The cDNA 
of clone 14 was sequenced and its postulated amino acid sequence is as follows: 

Glu-Phe-Arg-Glu-Gln-Asp-Gln-Ile-Lys-Thr-Lys-Asp-Arg-Thr-Gln-Gln- 
Arg-Lys-Thr-Lys-Arg-Ser-Thr-Asn-Arg-Arg-Arg-Ser-Lys-Lys-Asn-Glu> 
Lys-Lys-Lys-Lys-Lys-Glu-Phe 
The translation product of clone 14 was positive for 22/31 serum samples. It detected 
2/2 sporadic acute HCV, 8/9 transfusion associated chronic HCV and 9/10 sporadic 
chronic HCV. However, it only detected 3/10 transfusion associated acute hepatitis. 

62. M. Houghton et al., EP 0, 388,232, this application describes 
HCV cDNA and polypeptide sequences isolated from pooled serum from a 
chimpanzee with chronic HCV infection and containing a high titer of the virus. 
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Numerous peptides, from 5 to 100 amino acids derived from the amino acid sequence 
of the putative non-structural proteins (See Fig. 17-1) were described. Houghton et 
al. indicated that some of the peptides were immunogenic while others are not. 
However, only for the expression products of clones CA279a, CA74a, 13i, CA290a, 
33c 40b, 5-1-1, 81, 336, 25c, 14c, 8f, 33f, 33g, 39c, 15e, C100, were described as 
having HCV antigenicity. They amino acid sequences of some of these clones were 
provided in Figs. 1-15. 

Houghton et al. suggest that the polypeptides may be useful for 
diagnostic assays for determining HCV infection by immunoassay procedures. The 
clones are useful in PCR procedures as probes and the polypeptides may be useful as 
vaccines. 

. A review of the amino acid sequences indicate that Peptide II of 
the present invention is listed among the peptides on page 5 of Houghton et al. In 
particular, Peptide II corresponds to AA1694-AA1735. 

63. G.R. Reyes et al., WO 90/00597, published January 25, 1990. 
This reference describes post transfusion NANBH virus and antigens isolated from 
serum or hepatocytes of an infected human or chimpanzee. The beta-gal fusion 
product of some of the isolated clones were recognized by NANB antiserum. 

The virus particles and antigens were isolated by known 
techniques clone #30 with amino acid sequence as in Fig. 1 was useful of detecting 
homologous sequences present in the cDNA prepared from documented infectious 
NANB particles passaged in chimpanzees, but originating in an infected human. 
Clone #30 has been determined to be 429 nucleotides long with a putative amino acid 
sequence of 143 amino acids. 
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Sequences of other clones were reported in Figs. 2-5. However, 

no data is provided. 

64. T. Arima et al., EP 0,363,025, published April 11, 1990. This 
disclosure appears to be duplicative of the four articles published by Arima et al. in 
Gastroenterogia Jap. See Ref. Nos. 58-61. 

This nucleotide sequences of the clones were provided in Fig. 2. 
The reactive clones appear to be identical to those previously reported giving the same 
results. 

65. B. Seto et al. WO 90/02206, published March 8, 1990. Six 
clones bearing nucleotide sequences of NANBV were isolated from liver of 
chimpanzee known to be infected with acute NANBH. These were identified as 
pSC22, pLC30, pLC50, pSN30, pSN31 and pSN32. 

pSC22 was found to hybridize to liver specimens of three 
NANBH infected chimpanzees. Reaction was observed between 6 to 16 weeks post 
inoculation. pSC22 did not hybridize with liver specimens from chimpanzees pre- 
inoculation or infected with HBV. 

A quick review of the amino acid sequence of claim 5 does not 
appear to coincide with the amino acid sequences of peptides I to IX of the present, 
application. 

It is to be noted that several of the references are not prior art 
publications under §102. A review of the dates of publication show that Okamoto et 
al. (Ref. 27), Reyes et al. (Ref. 63), Arima et al. (Ref. 61), Houghton et al. (Ref. 65) 
are not prior art references. However, these are included for the Examiner's 
consideration. 
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None of the foregoing documents disclose or suggest, independently or 
in any combination, the invention claimed in the present application. It is applicant's 
belief that the present invention as claimed is patentable in view of these references. 
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IN THE UNITED STATE S PATENT AND TRADEMARK OFFICE 

Applicant(s) : Chang Yi Wang 

Serial No. „*.--"T" 07/558,799 
Filed : July 26, 1990 

For : SYNTHETIC PEPTIDES SPECIFIC FOR THE 

DETECTION OF ANTIBODIES TO HCV, DIAGNOSIS 
OF HCV INFECTION AND PREVENTION THEREOF 
AS VACCINES 

Group Art Unit : 183 ■ 

Examiner : Lester Lee 



Hon, Commissioner of Patents and Trademarks 
Washington, D.C. 20231 



Sir: 



PRELIMINARY AMENDMENT 



Please amend the application as follows. 



In The Specification 

Page 16, line 5: delete "Ser-Cys" between "GkuGlu" and "Gln-His" and insert 
therefor Cy$-S£ 

line 26: delete "His" at the beginning of the line, before Thr-Asn" and 
insert therefor - Asri 



Page 17, line 2: delete , Thr J ^between , Tro-Leu^and^Gly-Asn ,, and insert 
therefor Tyr*^ 



Page 18, line 25: delete "Ser-Cys" between "Glu-filu" and "Gln-His" and insert 
therefor - Cys-Ser --. 

Page 19, line 16-17: delete "ftrs^at! the beginning of the Jiper before "Thr-Asn" 
and insert therefor - Asn --7~ 
line 20-21: delete "ThTHJetween "Pro-Leu" and "Gly-Asn" and insert 
therefor - ' 



Page 24, line 7: delete "VIIE" and insert therefor - VIIIE --. 



Page 26, line 3: delete "Ser-Cys" between^Glu-Gkr and "Gln-His" and insert 

therefor - Cys-Ser^ 
line 24: delete "His" at the beginning of the line, before "Thr-Asn" and 

insert therefor - Asn --. 
line 28: delete "Thr" betw^eiT^Pro^u" and "Gly-Asn" and insert 

therefor - Tyr ^7 



Page 28, line 20: delete "Ser-Cys" between "Glu-Gln" and "Gln-His" and insert 



therefor - Cys-Ser - 



Page 29, line 11-12: delete "His^^Tthe beginning of the line before "Thr-Asn" 
and insert therefor - Asn -~ 



line 15-16: delete "Thr" betweenJTro^ and insert 

therefor - Tyr -. 
line 22-23: delete "Pre" between "Gin" and "Lys-Gln" and insert 



- 2 - 



therefor - Phe « 

line 23: delete "Arg" at the beginning of the line before "Glu-VaT and 
insert therefor - Ala • 



Page 30, line 4-5: delete "His" between "Lys-ArgVapd-'Thr-Asn" and insert 
therefor - Asij^*r 
line 7: delete "Thr" between "Pro-Leu" and "Gly-Asn" and insert 
therefor - Tyr --. 

Page 31, Table 1 , first column on left: delete "VD W and insert therefor - VC -; 
and delete "VC and insert therefor - VD --. 



Page 34, line 1: delete "His" at end >0«H, w tftei ' Lys-Arg and insert 
therefor - Asn - 

N \' line 4: delete "Gly-Arg-Afg^Gln-Pro" at the beginning of the line 
befor e "lie-Pro".^ 

line 5: delete "Thr^liT^^ the line before "Gly-Asn" and 

insert therefor - Tyr^ 



Page 35, line 10-11: delete "Ser-Cys" betwee^GlitGlu" and "Gln-His" and 
insert therefor -- Cys-Ser --. 



Page 36, line 1-2: delete "His" at the beginrnjjg-efthTfin^ "Thr-Asn" and 
insert therefor - Asn 
line 5-6: delete "Thr" between "Pro-fceD^and "Gly-Asn" and insert 



therefor -- Tyr --. 



Page 38, line 4: insert>etween "namely" and^LAEQK^ 

fte - and insert - ( - and -- ) - before and after "LAEQF". 
line 5: insert before "HU:>T" Hffis-I TyrTle^and insert 

- ( - and - ) - before and after "HLPYT. 
line 7: insert befoje^EgS^LPYI n - Glu-Glu-C^ 

Leu-Pro-Tyr-He -- and insert - ( -- and -- ) - before and after 
"EECSQHLPYT. 

line 9: insert before "SGKPADPDR" - Ser-Gly-LysiECfcAJa-Hc-ne- 
Pro- A spzAfg-^and insert - ( -- and — ) -- beforehand after 
"SGKPAIIPDR". 

line 10: insert before^GL^ - and insert 

- ( - and -- ) before and after "GLLQT". 
line 11: insert before "EVlXP" - Glu-Val-Il^Ala-Pro -- and insert 

- ( - and - ) - before and after "EVIAP". 
line 22: insert before "SG£PA^- Ser-Gly^Lys-Pro-Ala - and insert 

( and^ ) - before and after "SGKPA"; insert before 



"IIPDREV" - Ile-ne-Pro-Pro-Asp-Arg : Glu-Val - and insert 
( - and before and after "IIPDREV" 



Page 49, line 1: insert - > --^beforeJUOO I.U./L". 

line 9: delete "n=270" and insert therefor - n=3TO --. 



Page 56, line 3: insert - < - before the first instance of "20" and insert 



- 4 - 



- > - before the second instance of "20\ 



Page 70, line 15: delete ")" after "VmE\ 



Page 71, line 12: delete "VIII" and insert therefor - VIIIE 



Page 75, line 6: insert - ~ - between "O.D." and "1.5" 



"mu7mL^nd 



Page 76, Table 8: fourth column, below^ALT", delete "mu7mL" and insert 
therefor - LJLh/L --; fifth column, below "AST" delete 
"mu/fnL" and insert therefor - I.U./L --. 



Page 77 & 78, Table 9: last column on right, insert^" 1 
"i.u." to MI^^ 



i.u./L" and 



correct 



In the Claims 

Claim 1 (i), line 1: delete "Ser-Cys" between "£Hu-Glu" and "Gln-His" and 
insert therefor - Cy^Szi • 

(ix) , line 2: delete "His^at the beginning ophe line before "Thr-Asn" 

. and insert therefor / AS 

(x) , line 3: delete "Thr" between "Pro-Leu" and "Gly-Asn" and insert 

. therefor -- Tyr --. 
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REMARKS 

The specification and claims have been carefully reviewed and the 
typographical and clerical errors corrected. Support for the amendment of pages 16, 
17, 18, 19, 26, 28, 29, 35, 36, and Claim 1 can be found in Table 1, Fig. 1-1, and 
Table 7, Fig 11-1 as originally filed. Support for the amendment of pages 24 and 71 
can be found in the specification at page 24, line 24, and Example 17. Support for 
the amendment on page 34 is to be found in Table 7, Fig. 11-1, Fig. 11-2, and Claim 
7 as originally filed. 

Page 38 was amended to put in the three letter codes for the amino acid 
sequences. The amendment on page 49 is to correct an obvious typographical error. 
Support for the amendment of page 75 can be found in Table 9. 

No new matter has been introduced by the amendments. Entry of the 
amendment is requested. 



Dated: December 7, 1QQ0 



Mailing Address: 

MORGAN & FINNEGAN 

345 Park Avenue 

New York, New York 10154 

(212) 758-4800 

(212) 751-6849 Telecopier 



Respectfully Submitted, 
MORGAN & FINNEGAN 
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File History Report 



Paper number is missing from the United States Patent and Trademark 

Office's original copy of the file history. No additional information is available. 

The following page(s) Attachment of paper number 3 is/are missing from the 

United States Patent and Trademark Office's original copy of the file history. No 
additional information is available 
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UNITED STAW DEPARTMENT OF COMMERCE 
Patent and Trademark Office 

Address : COMMISSIONER OF PATENTS AND TRADEMARKS 
WaPhington. D.C. 20231 



07/558,799 07/26/90 WANG 



MORGAN & FINNEGAN 

345 PARK AVE. 

NEW YORK, NY 10154 



This 13 a communication from to oxemlnsr In cham© of your application. 
^IsSoNER OF PATENTS AND TRADEMARKS 



11 51 -40 43 

J 



LEE ? L 



189 
DATE MAILED: 



02/U/91 



/ \ j m«niWR\ " days from the date of this letter. 

A shortened statutory period for response to this action Is ^^^T=^SmM 35U.S.C. 133 
Failure to respond within the period tor response wDI oause the application to become abanooneo. 



TOseppfloafion has been examined □ Responsive to communicator filed on. 

led statutory period for response to this action Is set to expire 
> respond within the period tor response wQI cause the application to tx 

Pert I THE FOLLOWING ATTACHMENTS) ARE PART OF THIS ACTION: 



I"! This action Is made final. 



1. fe§ Notice of References Cited by Examiner, PTO-892. 

3. |gl Notice of Art Cited by Applicant, PTO-1 449. 

5. □ Information on How to Effect Drawing Changes, PTO-1474. 



2. Notice re Patent Drawing, PTO-946. 

4 □ Notice of Informal Patent Application, Form PTO-1 52 

6. □ 



Pert II SUMMARY OF ACTION 

1. Claims 



.are pending In the application. 



Of the above, daims . 



to- £l 



2. C] Claims,. 

3. □ Claims . 



5. □ Claims 

6. D Claims. 




_ are withdrawn from consideration. 

have been cancelled. 

are allowed. 

are rejected, 

are objected to. 



are subject to restriction or election requirement. 



7. CD ™« application has been filed with Informal drawings under 37 C.F.R. 1.B5 which are acceptable for examination purposes. 

8. □ Formal drawings are required in response to this Office action. 

Under 37 C.F.R. 1.84 these drawings 

9 PI The corrected or substitute drawings have been received on — ; D __ Q . m 

™ □ acceptable; □ not acceptable (see explanation or Notice re Patent Drewmg, PTO-948). 

. has (have) been □ approved by the 



10 □ The proposed additional or substitute sheet(s) of drawings, filed on 
' examiner; D disapproved by the examiner (see explanation). 



11. Q The proposed drawing correction, filed . 



.has been □ approved; □ disapproved (see explanation). 



D been filed In parent application, serial no. - » ,ea on ■ 

^□ancethisapp^^ 

accordance with the practice under Ex parte Quayle, 1935 CD. 1 1; 453 O.Q. 213. 

14. □ Other 



EXAMINER'S ACTION 



Serial No. 558799 
Art Unit 189B 



The Group and/or Art Unit location of your application jn 
the PTO has changed. To aid in correlating any papers for this 
application, a3 3 further correspondence regarding this 
application should be directed to Group Art Unit 189B. 

Restriction to one of the following inventions is required 
under 35 U.S.C. § 121: 

I. Claims 3-13 arid 28-43, drawn to peptides and kits, 
classified in Class 530, subclass 324. 

II. Claims 3.2-26, drawn to method of assaying, classified 
in Class 435, subclass 7. 

III. Claim 27, drawn to antibodies U> HCV or NANBHV, 
classified in Class 424, subclass 88. 

The inventions are distinct, each from the other because of 
the following reasons: 

Inventions I and II are related as product and process of 
use. The inventions can be shown to be distinct if either or 
both of the following can be shown: (1) the process for using the 
product as claimed can be practiced with another materially 
different product or (2) the product as claimed can be used in a 
materially different process of using that product (M.P.E.P. 
§ 806.05(h)). In the instant case the peptides of Group I can he, 
used to prepare a vaccine. 

Group I is distinct from Group III since the peptide can be 
used to in a method of assaying. 





Serial No. 558799 
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Art Unit 189B 

Because these inventions are distinct for the reasons given 
above and have acquired a separate status in the art as shown by 
their different classification, have acquired a separate status 
in the art because of their recognized divergent subject matter 
and the search for Group I is not required for Groups II and IJI , 
restriction for examination purposes as indicated is proper. 

During a telephone conversation with Maria C. H . Jd n on 
November 29, 1990 a provisional election was made without 
traverse to prosecute the invention of Group J, claims 3-11 and 
28-43. Affirmation of this election must be made by applicant in 
responding to this Office action. Claims 3 2-27 withdrawn from 
further consideration by the Examiner, 37 C.F.R. § 1.142(b), as 
being drawn to a non-elected invention. 

Claims 1.-11 and 28-43 rejected under 35 U.S.C. § 1.12, first 
paragraph, as the disclosure is enabling only for claims limited 
to the specific peptides of the examples since these are the only 
on e> applicant has shown to be effective in detecting antibodies 
to hepatitis C virus. See M.P.E.P. §§ 706.03(n) and 706. 03 U). 

The following is a quotation of the first paragraph of 35 
U.S.C. § 112: 

The specification shall contain a written description of the 
invention, and of the manner and process of making and using 
it, in such full, clear, concise, and exact terms as to 
enable any person skilled in the art to which it pertains, 
or with which it is most nearly connected, to make and use 
the same and shall set forth the best mode contemplated bv 
the inventor of carrying out his invention. 




Serial. No. 558799 -4- 
Art Unit 1.89B 

The specification is objected to under 35 U.S.C. § 31.8, 
first paragraph, as failing to adequately teach how to make 
and/or use the invention, i.e. failing to provide an enabling 
disclosure. 

The terms "analogues, segments, mixtures, combinations, 
conjugates and x'olymers thereof" in the specification and claims 
>s so vague and indefinite as to require undue experimentation of 
one skilled in the art to determine the meets and bounds of said 
terms Each possible peptide would have to be prepared and tested 
to determine whether effective in detecting antibodies to 
hepatitis C virus and this would require undue experimentation of 
one skilled in the art. 

Claims 3.-11 and 28-43 are rejected under 35 U.S.C. § 3 3 ?, , 
first paragraph, for the reasons set forth in the objection to 
the specification. 

Claims 3-11 and 28-43 are rejected under 35 U.S.C. § 33 2, 
second paragraph, as being indefinite for failing to particularly 
point out and distinctly claim the subject matter which applicant 
regards as the invention. 

The claims are rejected for the following reasons. 

(a) the term "analogues, segments, mixtures, combinations, 
conjugates and polymers thereof" fail to particularly 
point out and distinctly claim the peptides included in 
the claims, 
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Art Unit 189B 

(b) the peptides of claims 2-31 and 29-42 do not have 
antecedent basis in the generic claim, 

(c) claim 43 is rejected as failing to define the other 
amino acids which can be present in the peptide. 

The references cited on the enclosed PTOI, 892 are to show 
the state of the art. 

Any inquiry concerning this communication should be directed 
to Lester L. Lee at telephone number (703)308-3997. 



Lee/bg 

February 06, 1991 
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July 26, 1990 

SYNTHETIC PEPTIDES SPECIFIC FOR HE DETECTION OF ANTIBODIES TO HCV, 
DIAGNOSIS OF HCV INVECITON AND PREVENTION THEREOF AS VACCINES 



PETITION ANP Fgg FOR EXTENSION OF TIME f37 C.F.R. <S 1.136<aM 

HON. COMMISSIONER OF PATENTS AND TRADEMARKS 
Washington, D.C, 20231 



Sir: 

1. 

2. 



This is a petition for an extension of time for filing an Amendmen t and Response 

Pursuant to 35 C.F.R. Sec. 1.115 to February 11, 1990 Office 
The communication in connection with the matter for which this extension Action, 
is requested 

[XX is filed herewith. 



[ ) has been filed on 



boi Applicant is a small entity— verified statement is attached [ ], 
or has already been filed [XX ] . 



I ) 
( ] 



e. [ ] 



Total Months 
Requested 

one month 
two months 
three months 
four months 



An extension for 



Fee for Other Fee for 
than. SmaU Fntlty Small Entity 



$100.00 ' 
$300.00 
$730.00 
$1150.00 

Fee 



$ y.oo 



$50.00 
$150.00 
$365.00 
$575.00 



months haB already been secured for 

filing the above- identified communication and the fee paid 

therefor of $ is deducted from the total fee due for 

the total months of extension now requested. The fee for this 

extension ($ ), minus the fee previously paid ($_ ) 

equals $ (total fee due). 



(X) A Check in the amount of S 50.00 
attached. 



to cover the extension fee is 



[ ) Charge fee to Deposit Account No. 13-4500. Order No. .A 

DUPLICATE COPY OF THIS SHEET IS ATTACHED. 

[X] The Commissioner is hereby authorized to charge any additional feeB 
which may be required by this paper, or credit any overpayment to 
Deposit Account No. 13-4500. Order No. 11 A DUPLICATE COPY 

OF THIS SHEET IS ATTACHED. 

Respectfully submitted, 
MORGAN & FINNEGAN 

* A q 



Datedj May 22, 1991 



MORGAN & FINNEGAN 

345 Park Avenue 

New York, New York 10154 

(212) 758-4800 

(212) 751-6849 Telecopier 

, A 05/31/Vl 075»W9 



By: 



Maria <Sr&rV5T 
Registration No. 

1 7:15 



29,323 
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Lester Lee 



GROUP is 
J W o 3 /99J 



Hon. Commissioner of Patents and Trademarks 
Washington, D.C. 20231 



AMENDMENT AND RESPONSE PURSUANT to 3 5 C.F.R. SI. 115 

Sir: 

This is in response to the office action dated 
February 11, 1991 for which a response period of three 
months was set. Applicant hereby requests an extension of 
one month. Enclosed herewith is the fee therefor. 

AMENDMENT 

Please amend the application as follows. 
In the Specification 

Page 5, line 25: delete "SOD/HVC C-100" and 
insert therefor « SOD/HCV C100-3 

Page 20, line 29: delete "SOD/HCV C-100" and 
insert therefor — SOD/HCV C100-3 



Page 21, lines 2 5 & 30: delete "SOD/HCV C-100" 
and insert therefor — SOD/HCV C100^3 — . 

Page 22, line 1: delete "SOD/HCV C-100" and 
insert therefor — SOD/HCV ClOO^a^-^. 

Page 40, Heading of Table 2: delete "Analogues" 
and insert therefor — Segments^^. 

Page 41, line 9: delete "SOD/HCV C-100" and 
insert therefor — SOD/HCV C100-; 



Page 48, line 17: delete "IID" at end of line and 
insert therefor — IIID^^ 

Page 49, lines ^ & 24: delete "SOD/HCV C-100" 
and insert therefor — SOD/HCV CICJJD-^ — . 

Page 63, line 23: delete "2" after "Table" and 
insert therefor — 1 

In the Claims , y y s 

Delete claims 2, 4, 7, 29% Z4 and amend Claims 1, 
3-6, 8, 9, 28 and 43 as follows. 




/ 



1 (Amended) . A peptide composition_£omprXsing a 
peptide [with an amino acid sequenc^-^selected from the 
group consisting of Peptlde^Ito IX each peptide with an 
amino acid sequjerrc^^asf ollows: 



(i) Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile- 
Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe- 
Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-y 
Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro/X 

( Peptide 

(ii) [Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr/Arg- 
Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser/Gln- 
His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met- 
Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-JVla-Leu- 
Gly-Leu-X 

( Peptide II) 

(iii) ] Ser-Gly-Lys-Pro-Ala-Ile-Ile-R^o-Asp-Arg- 

Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met- 
Glu-Glu-Cys-Ser-Gln-His-LeuAPro-Tyr-Ile- 
Glu-Gln-Gly-Met-Met-Leu-AL6-Glu-Gln-Phe- 
Lys-Gln-Lys-Ala-Leu-Gly-I^u-X 

( Peptide II[H]) 

( [iv] iii) Cys-Val-Val-Ile-Val-Giy-Arg-Val-Val-Leu- 
Ser-Gly-Lys-Pro-Ala-lrfe-Ile-Pro-Asp-Arg- 
Glu-Val-Leu-Tyr-Arg-Olu-Phe-Asp-Glu-Met- 
Glu-Glu-Cys-Ser-Gln7His-Leu-Pro-Tyr-Ile-X 

( Peptide III) 

(iv) Ser-Gly-Lys-Pro-AYa-Ile-Ile-Pro-Asp-Arg- 
Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met- 
Glu-Glu-Cys-SerHGln-His-Leu-Pro-Tyr-Ile- 
Glu-Gln-Gly-Met/Met-Leu-Ala-Glu-Gln-Phe-X 

( Peptide IV) 

(v[i] ) Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr- 
Ala-Ser-Arg-^ln-Ala-Glu-Val-Ile-Ala-Pro- 
Ala-Val-Gln/Thr-Asn-Trp-Gln-Lys-Leu-Glu- 
Thr-Phe-Trp-Ala-Lys-His-Met-Trp-Asn-Phe-X 

(Peptide V) 

( vi [ i ] ) Glu-Gln-Gly-Met-Met-Leu-Ala-GluHnn-Phe- 
Lys-Gln/Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr- 
Ala-Serf-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro- 
Ala-Vayl-Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu- 
Thr- 

( Peptide VI) 

(vii[i]) Pro/Gly-Ala-Leu-Val-Val-Gly-Val-Val-Cys- 
Ala^Ala-Ile-Leu-Arg-Arg-His-Val-Gly-Pro- 
f-Glu-Gly-Ala-Val-Gln-Trp-Met-Asn-Arg- 
^u-Ile-Ala-Phe-Ala-Ser- Arg-Gly-Asn-His- 
L-Ser-Pro-X 

(Peptide VII) 



( [ ixl viii / Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-Lys-Thr- 
Lys-Arg-Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp- 
Val-Lys-Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val- 
Gly-Gly-Val-Tyr-Leu-Leu-Pro-Arg-Arg-Gly- 
Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys- 
Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 
Arg-X[, and] 

( Peptide VIII) 
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and 




(ix) 



wherein X is -OH or 



(x[i]) 




-Arg-Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg- 
-Pro-Glu-Gly-Arg-Tyr-Trp-Ala-Gln-Pro- 
-Pro-Trp-Pro-Leu-Thr-Gly-Asn-Glu- 
/s-Gly-Trp-Ala-Gly-Trp-Leu-Leu-Ser- 
-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro- 
-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 

( Peptide IX) 



analogues, segments, mixtures, 
[combinations, ]\conjugates and polymers 
thereof. 




3, A peptide composition according to Claim 1 
wherein the peptide comprises [ ing] a segment of Peptide/ II 
and has[ving] an amino acid sequence selected from t#e group 
consisting of: 



(i) 



(ii) 



(iii) 



(iv) 



Cys-Ser-Gln-His-Leu-Pro-Tyr-IJ-e-Glu-Gln-Gly- 
Met-Met-Leu-Ala-Glu-Gln-Phe-L'ys-Gln-Lys-Ala- 
Leu-Gly-Leu-X; / 

/ (Peptide 1IC) 



Asp-Glu-Met-Glu-Glu- 
Tyr-Ile-Glu-Gln-Gly- 
Phe-Lys-Gln-Lys-AlE 



/ 

^s-Ser-Gln-His-Leu-Pro- 
fet-Met-Leu-Ala-Glu-Gln- 
Leu-Gly-Leu-X ; 

(Peptide IIP) 



Leu-Tyr-Arg-Gld-Phe-Asp-Glu-Met-Glu-Glu-Cys- 
Ser-Gln-His-Zfeu-Pro-Tyr-Ile-Glu-Gln-Gly-Met- 
Met-Leu-Ala^Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu- 
Gly-Leu- 

(Peptide IIE1 

Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp- 
et-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe- 
s-Gln-Lys-Ala-Leu-Gly-Leu-X; 

* (Peptide im 

Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu- 
Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu- 
Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met~Leu-Ala-Glu- 
Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X; 

(Peptide IIG) 
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ft* 



[ (vi) Ser-Gly-Lys-Pko-Ala-Ile-Ile-Pro-Asp-Arg-Glu- 
Val-I^u-Tyr-Arfr-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
Cys-Ser-Gln-HisVLeu-Pro-Tyr-Ile-Glu-Gln-Gly- 
Met-Met-Leu-Ala\Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly-Leu-X; ] 

wherein X is -OH or -NH 2 and analogues thereof. 



A peptide composition according to Claim 1 



wherein the peptide comprises^ ing] segment of Peptide 



(i) 



(ii) 



(iii) 



[(iv) 



Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Phe-Asp-Glu-Met-Glu-Glu-Cys- 
Pro-Tyr-Ile-X? 



Ser-Gly-Lys-Pro-Ala-Ile-Ile^-Pro-Asp-Arg-Glu- 
Val-I^u-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
Cys-Ser-Gln-His-Leu-Pro/Tyr-Ile-X? 

(Peptide HID) 




the/< 



m 1 j 
e pil 



and has[ving] an amino acid sequence >selected from they group 
consisting of: 



r-Arg-Glu- 
ln-His-Leu- 



(Peptide IIIC) 



Gly-Arg-Val-Val-Leu-TSer-Gly-Lys-Pro-Ala-Ile- 
Ile-Pro-Asp-Arg-Giy-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-Glu-G,ni-Cys-Ser-Gln-His-Leu-Pro- 
Tyr-Ile-X; 

(Peptide HIE) 



Cys-Val-Val-ple-Val-Gly-Arg-Val-Val-Leu-Ser- 
Gly-Lys-Pro-/Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Ary-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys- 
Ser-Gln-Hj£-Leu-Pro-Tyr-Ile-X; ] 



wherein X is - OH or -^H 2 and analogues thereof. 

6. A peptide composition according to Claim 5 
wherein the peptj/Qe [and] hasfving] an amino acid sequence 
as follows: 



S/r-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
su-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
/Gln-His-Leu-Pro-Tyr-Ile-X; 

(Peptide IXID) 



wherein X is -OH or -NH 2 or an analogue thereof. 
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8. A peptide composition according to Claim, 
wherein the peptide comprises [ing] a segment of Peptide VIII 
and has[ving] an amino acid sequence selected from ^ne group 
consisting of: 




( i ) Thr-Lys-Arg-Asn-Thr-Asn-Arg-Ar^-Pro-Gln-Asp- 
Val-Lys-Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val-Gly- 
Gly-Val-Tyr-Leu-Leu-Pro-ArgTArg-Gly-Pro-Arg- 
Leu-Gly-Val-Arg-Ala-Thr-Arg^-Lys-Thr-Ser-Glu- 
Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-X; 

(Peptide VIIID) 

(ii) Asp-Val-Lys-Phe-Pro-Giy-Gly-Gly-Gln-Ile-Val- 
Gly-Gly-Val-Tyr-Leu-Leu-Pro-Arg-Arg~Gly-Pro- 
Arg-Leu-Gly-Val-Arg-^Qa-Thr-Arg-Lys-Thr--Ser- 
Glu-Arg-Ser-Gln-Pro/Arg-Gly-Arg-Arg-X ; 

(Peptide VIIIC) 

(iii) Val-Gly-Gly-Val-^r-Leu-Leu-Pro-Arg«-Arg-Gly- 
Pro-Arg-Leu-Glyyval-Arg-Ala-Thr-Arg-Lys-Thr- 
Ser-Glu-Arg-Se^Gln-Pro-Arg-Gly-Arg-Arg-X ? 

(Peptide VIIIB1 

(iv) Gly-Pro-Arg^eu-Gly-Val-Arg-Ala-Thr-Arg-Lys- 
Thr-Ser-Gli^Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg- 
X t 

(Peptide VIIIA) 
or an analogue thereof. 



wherein X is -OH or -N 



9. A peptide composition according to Claim 1 
wherein the peptide compris es [ ing] a segment of Peptide IX 
and has[ving] an^mino acid sequence selected from the group 
consisting of: 



(i) 



(ii) 



Ile-Pro- 
Trp-Ala- 
Gly-Asn- 
Leu-Ser- 
Pro-Thr- 
Gly-X; 



Lys-yal-Arg-Arg-Pro-Glu-Gly-Arg-Thr- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- 
Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp-Leu- 
•Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly- 
■Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 

(Peptide IXD1 



Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu- 
Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp- 
Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn- 
Leu-Gly-X? 

(Peptide IXC) 
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(iii) Leu-Tyr-Gly-Asn-Glu-Gly^rs-Gly-Trp-Ala-Gly- 
Trp-Leu-Leu-Ser-Pro-^jr^-Gly-Ser-Arg-Pro-Ser- 
Trp-Gly-Pro-Thr-^^p^Pro-Arg.-Arg-Arg-Ser-Arg- 
Asn-Leu-Gly-X 

(Peptide IXP) 

( iv) Trp-^i^-Gly-Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser- 
:>-Ser-Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg- 

j-Ser-Arg-Asn-Leu-Gly-X ; 

(Peptide IXA) 



wherein K is -OH or -NH 2 or an analogue thereof. 



ft >^ An enzyme linked immunosorbent assay (ELISA) 
test kit for the detection of antibodies to HCV or NANBHV or 
the diagnosis of HCV or NANBHV infection comprising: 

(i) a solid substrate [ compartmented enclosure 
containing multiple wells] coated with a 
peptide composition according to Claim 1; 

(ii) a negative control sample; 

(iii) an inactivated HCV positive control sample; 

(iv) specimen diluent (comprising PBS buffer 
containing 20% by volume normal goat serum; 
1% by weight gelatin and 0.05% by weight 
TWEEN 2 0] ; 

(v) [peroxidase] enzyme labelled antibodies to 
human IgG; and 

(vi) [a color change indicator) an enzvme 
substrate . 



4 3 (Amended) . A peptide which is immunoreact 
to HCV with at least about 15 to not more than a^otft 65 
amino acids [in a sequence having as a segment thereof said 
segment] containing an epitope selec£e6V from the group 
consisting of : 

( i ) Ser-GlyAlfe sf F rc -P 1 a ; 

Ile-£arC-Pr/>-Asp-Arg ; 

Cu-GluHTys-Ser-Gln ; 
His-Leu-Pro-Tyr-Ile ; 
Glu-Gln-Gly-Met-Met ; 
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(vi) Leu-Ala-Glu-Gln-Phe; 

(vii) Lys-Gln-Lys-Ala-Leu; 

(viii) Gly-Leu-Leu-Glj 
Glu-tf a'.l -dEIe-Ala-Pro ; and 

Leu-Tyr-Arg ; 




(ix) 
(x) 



and whereiryifte remaining ami™ acidjj in the r » r *-^ 
substantia! 1y corrospnnd to the >.<nn segugjcj; of — 

^ ^fflnenj: of the HCV containing one of the, saiH 



Please add the following new claims. 



y- A peptide Having the amino acid sequence: 

Ser-Gly-Lys-Pro-Ala-Ile-lle-Pro-Asp-Arg-Glu-Val- 

Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 

G ln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X 



wherein X is -OH or -NH, 



(Peptide II) 



[A peptide having the amino acid sequence: 

Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val-Leu-Ser-Gly- 

Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr- 

Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-ser-Gln-His- 
Leu-Pro-Tyr-Ile-X 



wherein X is -OH or -NH 2 



(Peptide III) 



A peptide having the amino acid sequence: 
Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 

Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-X 
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wherein X is -OH or -NH, 



(Peptide IV) 



A peptide having the amino acid sequence: 
Lys-Gly-Lys-A]Na~I^u-Gly-Leu-Leu-Gln-Thr-Ala-Ser- 
Arg-Gln-Ala-Glu^^l-Ile-Ala-Pro-Ala-Val-Gln-Thr- 
Asn-Trp-Gln-Lys-I^u-Glu-Thr-Phe-Trp-Ala-Lys-His- 
Met-Trp-Asn-Phe-X 
wherein X is -OH or NH 2 . \(Peptide V) 

JS^}^ A peptide having the amino acid sequence: 
Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln- 
Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln- 
Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn-Trp- 
Gln-Lys-Leu-Glu-Thr-X 



wherein X is -OH or -NH, 



(Peptide VI) 



vr 



yfl A peptide having the amino acid sequence: 
Pro-Gly-Ala-Leu-Val-Val-Gly-Val-Val-Cys-Ala-Ala- 
Ile-Leu-Arg-Arg-His-Val-Gly-Pro-Gly-Glu-Gly-Ala- 
Val-Gln-Trp-Met-Asn-Arg-Leu-Ile-Ala-Phe-Ala-Ser- 
Arg-Gly-Asn-His-Val-Ser-Pro-X 



wherein X is -OH or NH, 



43 



(Peptide VII) 



Jttfl A peptide having the amino acid sequence: 
Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg- 
Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Ser-Glu-Arg-Ser-GIn-Pro-Arg-Gly-Arg- 
Arg-X 
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wherein X is -OH or -NH 2 . 



(Peptide VIII) 



A peptide having the amino acid seuqence: 



Gly-Arg-Arg-Gln-Pro-Ile-Pro;^^ 



Glu-Gly-Ar g-Tyr-T rp-Ala-G ln-Pro-G ly -Tyr-Pro-Tr p- 
N/ pro-Leu-Thr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly- 
Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
Gly-X 

wherein X is -OH or -NH r (Peptide IX) 



A peptide having the amino acid sequence: 
Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu- 
Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu- 
Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys- 
Ala-Leu-Gly-Leu-X 



wherein X is -OH or -NH 2 . 



(Peptide IIF) 



^arP\h peptide having the amino acid sequence; 
Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-X 
wherein X is -OH or -NH 2 - (Peptide HID) 

^f<\ A peptide having the amino acid sequence: 
Ile-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Thr-Trp- 
Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr-Gly-Asn- 
Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp-Leu-Leu-Ser-Pro- 
Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro- 
Arg-Arg-Arg-Ser-Arg-Asn-Leu-Gly-X 
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wherein X is -OH or NH, 



(Peptide IXD) 



55. An ELISA test kit for the detect iorf of 
antibodies to HCV or NANBHV or the diagnosis p€ HCV or 
NANBHV infection comprising: 

(i) a solid substrate coated with a 
peptide composition^ containing any one of 
the following peptides: I, IIF, II, III, 
HID, IV, V./VI, VII, VIII, and IXD or 
mixtures ^hereof; 

(ii) / negative control sample; and 
(ii^J an inactivated HCV positive control 

mple ; 

(iv) specimen diluent; 

(v) enzyme labelled antibodies to human 
IgG; and 

(vi) an enzyme substrate. 



56. An ELISA test kit for the detection of 
antibodies to HCV or NANBHV or the diagnosis jar HCV or 
NANBHV infection comprising: 

y 

(i) according to cLarlm 55, wherein the 
peptide composl/tipns comprises Peptide II; 

(ii) a negatjj^fe control sample; and 

(iii) an ytac^feiva'ted HCV positive control 
sample] 

(ivl/ specimen diluent; 

) enzyme labelled antibodies to human 
IgG ; and 

(vi) an enzyme substrate. 
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57. An ELISA test kit for the detection of 
antibodies to HCV or NANBHV or the diagnosis of HCV or 
NANBHV infection comprising: / 

(i) according to claim 55 , /Wherein the 
peptide compositions comprises Peptide V; 

(ii) a negative control/sample; and 

(iii) an inactivated HCV positive control 
sample ? / 

(iv) specimen diluent; 

(v) enzyme labelled antibodies to human 
IgG; and A/ 

(vi) an enzyme /substrate. 

58. An ELISy test kit for the detection of 
antibodies to HCV or NANBHV or the diagnosis of HCV or 
NANBHV infection comprising: 

(i)/ according to claim 55 , wherein the 
peptide compositions comprises Peptide VII 
/(ii) a negative control sample? and 
/ (iii) an inactivated HCV positive control 
/ sample; 
/ (iv) specimen diluent; 
/ (v) enzyme labelled antibodies to human 

/ IgG; and 

/ (vi) an enzyme substrate. 

59. An ELISA test krt^Xot-^tKe^detection of 
antibodies to HCV or NA^BHVor the diagnosis of HCV or 
NANBHV infection. 
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(i) wherein the peptide composition 7 
comprises a mixture of Peptides II yand V; 

(ii) a negative control sample; afod 

(iii) an inactivated HCV positive control 
sample; / 

(iv) specimen diluent; / 

(v) enzyme labelled antipodies to human 
IgG; and / 

(vi) an enzyme substrate. 

60. An ELISA test kiy f or the detection of 
antibodies to HCV or NANBHV or the diagnosis of HCV or 
NANBHV infection comprising: / 

(i) where/n the peptide composition 
comprises/a mixture of Peptides II and VIII; 

(ii) a /negative control sample; and 

(iii) An inactivated HCV positive control 
sample; 

(iV) specimen diluent; 

(Ar) enzyme labelled antibodies to human 
/igG; and 
/ (vi) an enzyme substrate, 

01. An ELISA test kit for the detection of 
antibodieys to HCV or NANBHV or the diagnosis of HCV or 
NANBHV imfection comprising: 

/ (i) wherein the peptide composition 

/ comprises a mixture of Peptides II, V and 

/ VIII; 
/ (ii) a negative control sample; and 
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REMARKS 

The specification has been reviewed and amended to 
correct typographical and clerical errors. No new matter 
has been introduced. 

Claims 1-9 have been amended to provide antecedent 
basis for the dependent claims as suggested by the Examiner. 
Support for the amendment is found in the original claims as 
filed. Claims 28-42 have been amended to delete unnecessary 
details. Claim 4 3 has been amended to more clearly and 
distinctly claim the invention. Support for the amendment 
can be found in the specification, Example 1 on Page 44-46, 
Table I, Page 31 and specifically on Pages 37-38 and Figs. 
1-1, 1-2, 1-3 and 1-4. No new matter has been introduced. 

New Claims 44-61 are added. Support for new 
claims 44 to 50 can be found in originally filed Claim 1. 
Support for new Claims 51 to 61 can be found in the 
specification as follows: 

Claim Support in Specification 

51 Page 32, Table 7. 
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Claim 



Support in Specification 



52 



Page 31, Table I; Page 33, 



lines 7-20. 



53 



ditto 



54 



Page 32, Table 7; Page 33, 



line 26 to Page 34, line 8. 



55-61 



Example 1, Pages 44-46 and 



Table 1, Page 31; Example 14, 



Pages 68-69; Table 7, Page 32; 



Example 2, Pages 46-54; and 



Example 12, Pages 64-65. 



Claims 12-27 are canceled without prejudice to 
file a divisional application therefor. No new matter has 
been entered. Entry of the amendment is requested. 



The Examiner has imposed restriction of the claims 



Group I. Claims 1-11 and 28-4 3, drawn to peptides 
and kits, classified in Class 530, subclass 324. 
Group II. Claims 12-2 6, drawn to methods of 
assaying classified in Class 435, subclass 7. 
Group III. Claim 27, drawn to antibodies to HCV 
or NANBV, classified in Class 424, subclass 88. 



Applicant elects Claims 1-11 and 28-43. However, 
Applicant wish to point out that Claims 28-42 directed to 
the peptide test kits uses the assay methods of Claims 12-26 
and should be examined together. The Examiner indicated 
that the method of assay is in a separate group and should 
be examined separately. Reconsideration of the restriction 



to: 
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requirement is requested. To have claims directed to 
immunoassay methods that are employed in the ELISA kits 
examined separately appear to be contrary to the policy of 
not granting two patents for essentially the same invention. 

With the present amendment, the claims now pending 
are Claims 1-11, 28-61. Newly added Claims 44-61 are 
directed to specific peptides and mixtures used in the ELISA 
test kits which are fully supported by the specification. 
Therefore, it is believed that the rejections do not apply 
to these claims. The Examiner did not apply any references 
to the Claims. It is, therefore, believed that these newly 
added claims are allowable. 

The Examiner rejected Claims 1-11 and 28-43 under 

3 5 U.S.C. §112, first paragraph. It is the Examiner's 

position that the disclosure is enabling only for claims 

limited to the specific peptides of the examples, "since 

these are the only one[s] applicant has shown to be 

effective in detecting antibodies to hepatitis C virus". 

The Examiner stated that: 

The terms "analogues, segments, 
mixtures, combinations, conjugates and 
polymers thereof" in the specification 
and claims are so vague and indefinite 
as to require undue experimentation of 
one skilled in the art to determine the 
metes and bounds of said terms. Each 
peptide would have to be prepared and 
tested to determine whether effective in 
detecting antibodies to hepatitis C 
virus and this would require undue 
experimentation of one skilled in the 
art. 

Reconsideration for the rejection is requested for 
the following reasons. 

Under 35 U.S.C. §112, first paragraph, the 
dispositive issue is whether applicants disclosure, 
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considering the level of ordinary skill in the art as of the 
date of the application, would have enabled a person of such 
skill to make and use the applicants invention without 
undue experimentation. See U.S. v. Telectronics . Inc. , USPQ 
2d 1217, 1222 (Fed. cir. 1988). This standard is also 
applicable to exparte applications. In re Meyers . 161 USPQ 
668, 671 (CCPA 1969) . 

Firstly, the claims are directed to the use of 
synthetic peptides in immunoreactions for diagnostic tests. 
In this technology, the level of ordinary skill in the art 
is very high. It is understood by those of skill in the art 
that whether a synthetic peptide will have immunoreactivity 
for detecting antibodies to a particular pathogen is 
unpredictable. The specific region (s) of the protein 
structure of the pathogen must be carefully analyzed and by 
an approach the Applicant and others have termed "site 
directed serology", the immunodominant epitopes of the 
surface of proteins of the pathogen is mapped and 
determined. 

Once the immunodominant enpitopes for the 
particular antigen are determined, then synthetic peptides 
containing the epitopes can be constructed and it is 
understood that the synthetic peptides containing such 
epitopes will have immunoreactivity to the antibodies to the 
particular antigen, which in the present case is HCV. 

With this understanding, the specification clearly 
describes how analogues of the claimed sequences can be 
made. On page 6, line 6 to page 7 , line 2, the 
specification clearly teaches how analogues of the claimed 
sequences can be made by examining the predicted amino acid 
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sequences of the various strains of the HCV. For example, 
the amino acid sequences of the known existing strains of 
HCV are J-l, J-4 and prototype PT. From the predicted amino 
acid sequence for the various strains of the virus, the 
corresponding regions containing the immunodominant epitopes 
as described and claimed by the Applicant can be determined 
and analogues constructed. Further, it is known to those of 
skill in the art that conservative substitutions and 
deletions of amino acids in a peptide sequence do not cause 
the lost of activity in a peptide. For example, the 
substitution of valine for alanine or glycine, is known to 
be permitted. This is described on Page 27, lines 5 to 16. 
Thus, to one with skill in this art, it is clear that 
analogues immunoractive to antibodies to HCV be constructed. 
Therefore, the specification is enabling. 

It is true that working examples showing test 
results of analogues of the claimed peptides have not been 
presented. However, it has long been recognized by the 
Board of Patent Appeals and Interferences and the courts 
that examples are not necessary in an application. The 
Board of Patent Appeals and Interferences stated in Ex parte 
Nardi and Siroier, 229 USPQ 79 (BPA&I 1986): 

The fact that the specification is 
devoid of working examples is without 
significance. It is well established 
that examples are not necessary. In re 
Borkowski . 57 CCPA 946, 422 F.2d 904, 
164 USPQ 642. 

This is supported by the Court of Appeals of the 
Federal Circuit in In re Strahilevitz . 212 USPQ 561, 563 
(CAFC 1982). The Court stated: 
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We recognize that working examples are 
desirable in complex technologies and 
that detailed examples can satisfy the 
statutory enablement requirement. 
Indeed , the inclusion of such examples 
here might well have avoided a lengthy 
and no doubt, expensive appeal. 
Nevertheless, as acknowledged by the 
board, examples are not required to 
satisfy section 112, first paragraph. 
[Citations omitted]. 

In the present case, just to illustrate and 
demonstrate the usefulness of some of the claimed peptides, 
18 examples have been presented. If each claimed peptide 
modification thereof, mixtures, conjugates and polymers 
thereof must be supported by an example with data, the 
burden on the inventor would be inordinate. The Applicant 
has provided ample proof that the immunodominant epitopes 
have been located and identified. From the clear teaching 
of the specification, it is clear that analogues of the 
claimed peptides can be constructed and that such analogues 
will be reactive to antibodies of HCV. Moreover, it is 
known that the HCV virus mutates and varying strains exist. 
If the analogues of the peptides must be specifically 
listed, the scope of the Applicant's claimed invention would 
be unfairly limited. The term analogue is clearly defined 
in the specification, and the method of making and using the 
analogues are clearly described. See, supra . This should 
be sufficient to satisfy 35 U.S.C. §112, first paragraph. 

The Examiner also objected *to the term "segments" 
in Claim 1. Applicant wish to point out that not only is 
the term "segments" of the peptides clearly defined, there 
are clear working examples showing the immunoreactivity of 
over forty segments of the claimed peptides. 



- 19 - 



See page 18 of the specification, which clearly 
defines what is meant by "segment" of a peptide; and Tables 
1, 7 and 4 and Examples 1, 8 and 13, It is believed that 
the claimed invention directed to segments of the peptides 
is fully enabled. 

The same can be said for the claim for mixtures of 
the peptides. Use of mixtures of the peptides are described 
in the specification in Examples 2, 4, 9, 10, 11 r 12, 15, ■ 
16, 17 and 18. Therefore, the usefulness of mixtures of the 
peptides is also fully enabled. 

Further, it is known to those of skill in the art 
that when each of the peptides are shown to be 
immunoreactive to HCV, a mixture of the peptides would 
necessarily also be immunoreactive to HCV. Therefore, undue 
experimentation is not required. For this reason, mixtures 
of the claimed peptides are enabled. 

The Examiner also rejected conjugates and polymers 
of the peptides as not being enabled. The conjugates and 
polymers are clearly described on page 27, lines 17 to 22 
and exemplified in Examples 3 and 7. Moreover, proteins 
which serve as conjugates to peptides and polypeptides such 
proteins are known to those of skill in the art. The 
synthesis of peptides attached to polymeric substrates are 
also known to those of skill in the art. The specific 
immunoreactivity to HCV of such conjugates and polymers is 
due to the peptide portion and not due to the conjugate or 
the polymeric part. 

For the above reasons, it is believed that the 
invention as claimed is fully enabled and the rejection 
should be withdrawn. 



- 20 - 




The Examiner rejected Claims l-ll and 28-34 under 
35 U.S.C. §112, second paragraph, as being indefinite for 
failing to point out and distinctly claim the subject matter 
of the invention. 

Three reasons: 

(a) the term "analogues, segments, mixtures, 
combinations, conjugates and polymers thereof" 
fail to particularly point out and distinctly 
claim the peptides included in the claims. 

(b) the peptides of Claims 2-11 and 29-42 do not 
have antecedent basis in the generic claim, 

(c) Claim 43 is rejected as failing to define the 
other amino acids which can be present in the 
peptide. 

Reconsideration of the rejection is requested. 

As stated in the above, the specification and the 
originally filed claims clearly and distinctly defined the 
terms "analogues, segments, mixtures, combinations, 
conjugates and polymers" of the claimed peptides. Under the 
law, the claims are interpreted in view of the specification 
and the art. Not every detail of the invention need to be 
included in the claim. 

In this case, the listing of every analogue, 
segment, mixture, conjugate and polymeric form of the 
claimed peptides would make the claims extremely unwieldy. 
Moreover, it would also unnecessarily limit the scope of the 
invention to which the Applicant is entitled. The present 
invention is broadly directed to the use of specific 
peptides as immunogens in the detection of antibodies to HCV 
for the diagnosis of the same. The Applicant is entitled to 
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every modification of these peptides including analogues, 
segments, mixtures, conjugates and polymeric forms of these 
peptides, which rely for their specific immunoreactivities 
on the fact that the Applicant has pointed to the peptides 
as described and claimed as the immunodominant regions of 
HCV. Each of the terms used in the claim is defined and 
supported by the specification. Therefore, it is believed 
that the claim as written clearly define the invention. 

It is the Examiner's position that the peptides of 
claims 2-11 and 29-42 do not have antecedent basis in the 
generic claims. 

It is believed that as amended, each of Claims 2- 
11 and 29-42 now has antecedent basis in Claim 1, the 
generic claim, and that the rejection on this basis has been* 
overcome . 

The Examiner rejected Claim 4 3 for failing the 
define the other amino acids which can be present in the 
peptide. As amended, Claim 43 clearly defines the remaining 
amino acids as corresponding to the amino acids sequence of 
HCV in the corresponding region of the HCV containing the 
epitope. It is believed that as amended, the rejection has 
been overcome. 

The Examiner has cited but not applied the 
references listed in PTOL 892. No further comments are 
believed necessary. 
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It is believed that the claims as amended are 
allowable and an early allowance is requested. 



Respectfully Submitted, 

MORGAN & FINNEGAN 




Registration No, 29,323 



Mailing Address: 

MORGAN & FINNEGAN 

345 Park Avenue 

New York, New York 10154 

(212) 758-4800 

(212) 751-6849 Telecopier 



- 23 - 




Docket No. . 



PATENT 

1151-4043 



IN THE VNITEP STATES PATENT AND trademark offipp 



Group Art Unit: 189 
Examiner: Lester Lee 



Chang Yi Wang 
07/558,799 
July 26, 1990 

SYNTHETIC PEPTIDES FOR THE DETECTION OF ANTIBODIES TO HCV, DIAGNOSIS 
OF HCV INFECTION AND. PREVENTION THEREOF AS VACCINES 



AMENDMENT FFE TRANSMIT^! 

HON. COMMISSIONER OF PATENTS AND TRADEMARKS 
Washington, D.C, 20231 

Sir: 

Transmitted herewith is an Amendment for the above-identified application. 
[ ] No additional fee is required. 

The additional fee has been calculated as shown below: 

CLAIMS AS A MFN p F p 



JUfi/n ? , l8 0 



Claims 

Remaining 

After 

AaaidmsaL. 



Highest No. 
Covered by 
Previous 
Payments 



Present 
J£jtra_ 



Rate 



Additional 



Total 
Claims' 

Independent 
Claims 

Multiple 

Dependent 

Claxm(s) 



40 
18 



43 
5 



0 x $20.00 S -0- 

13 x $60.00 $ 780.00 



(If claims added by amendment include 
Multiple Dependent Ciaim(s) and there 
was no Multiple Dependent Claim(s) in 
application before amendment add 
$200.00 to additional fee.) 



( X] Verified Statement of 'Small Entity" Status Under 37 CFR 6 I 27 

filed July 26, 1990 , Luced Fees £L«a* 1.9(f) 
(50 % of total) paid herewith W 

t ] Charge fee to Deposit Account No. 13-4500. Order No 

A DUPLICATE COPY OF THIS SHEET IS ATTACHED! 

fX] 



S -0- 

Total: S 780.00 

. 390.00 



The Commissioner ,s hereby authorized to charge any additional fees which may be reouired for ihi. 
amendment, or credit any overpayment to Deposit Account No 13-4500 Orik, N n Ti1^ 
A DUPLICATE COPY OF THIS SHEET ISATTACHED N °' " mi '^ 



Docke.No. US- 4043 



( ] ftge(s) of substitute Sequence Listing 

t J Computer disk(s) containing substitute Sequence Listing 

I ] Statement under 37 C.F.R. { 1.825(b) that tbe computer and paper copies of the substitute Sequence 
Listing are the same. 



[ ] A check in the amount of $ a 



. to cover the filing fee is attached. 



Mailing Address: 

MORGAN & F1NNEC AN 

345 Park Avenue 

New York, New York 10154 

(212) 758-4800 

(212) 751-6849 Telecopier 



Respectfully submitted, 
MORGAN & FINNEGAN 



Dated: May 22 . 1991 



Maria Critr^iCT 
Registration No. W\ 



FORM: AMD TRAN.NY 
Rev, U0790 



-2- 




'sit 



PATENT 
U.S.S.N. 07/558,799 



Appiicant(s) 
Serial No. 
Filed 
For 



I N TBS UNITED STATg$ PATENT AND TRAD EMARK OFFICE} 
Chang Yi Wang 
07/558,799 
July 26, 1990 

SYNTHETIC PEPTIDES SPECIFICT FOR THE DETECTION OF 
ANTIBODIES TO HCV, DIAGNOSIS OF HCV INFECTION AND 
PREVENTION THEREOF AS VACCINES 



Group Art Unit 
Examiner 



189 

Lester Lee 



CERTIFICATE OF MAILING (37 C.F.R. 1.8a) 



HON. COMMISSIONER OF 
Washington, D.C. 20231 



Sir: 



PATENTS AND TRADEMARK^ p/:/|/rr 



Q3t 99i 



IRC 



I hereby certify that the attached AMENDMENT AND RESPONSE 
PURSUANT TO 35 C.F.R. §1.115 (along with any paper(s) referred to as being attached or 
enclosed) and this Certificate of Mailing are being deposited with the United States Postal 
Service on the date shown below with sufficient postage as first-class mail in an envelope 
addressed to the: Commissioner of Patents and Trademarks, Washington, D.C. 20231. 

Respectfully submitted, 

MORGAN & FINNEGAN 



Dated: May 22, 1991 



Mailing Address: 

MORGAN & FINNEGAN 
345 Park Avenue 
New York, New York 10154 
(212) 758-4800(212) 
751-6849 Telecopier 



By 



Maria CffHTOn 
Registration No. 29,323 




UNITED STmTES DEPARTMENT OF COMMERCE 
Patent and Trademark Office 

Address : COMMISSIONER OF PATENTS AND TRADEMARKS 
Washington. O.C. 20231 



0 7 / 538 , 799 07/26/90 WANS 



I Krj"0.:;jL-:vt)nt'.;iVi icr;. I 
-«3i-**M3 1 



MORGAN & FINIMEGAN 

345 PARK AVE. 

NEW YORK, NY 10154 



This is c communiestbn troiii the e'.fcrnif \zr In dt&njo of your cppltcstian. 
COMMISSIONER Or PATENTS AND TJWDS^ARKS 



08/15/91 



□ This application has been examined ^ Responsive to communication filed on ^ Th | 3 actlon , 8 made {jna , 

A shortened statutory period for response to this action Is set to expire ^ month(s) days from the date of this letter. 

Failure to respond within the period for response will cause the application to become ebandoned. 35 U.S.C. 133 

Part I THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION: 

1. □ Notice of References Cited by Examiner, PT0-892. 2. □ Notice re Patent Drawing, PT0-948. 

3. □ Notice of Art Cited by Applicant. PT0-1449. 4, □ Notice of Informal Patent Application, Form PTO-1 52. 

5. U Information on How to Effect Drawing Changes, PTO- 1474. 6. □ 

Part II. SUMMARY OF ACTION 

01 the above, clalme 



. ere pending In the eppllcatlon. 



. are withdrawn from consideration. 
have been cancelled. 



4. TELciain,, 1 1 3 , , I - 1 * , ^ ss . ?s y7 g^jr.c y arerejected 

5. □ Claims 

— — are objected to. 

B. □ Claims _ 1_ are subject to restriction or election requirement. 

7. □ This application has been filed with Informal drawings under 37 C.F.R. 1.85 which are acceptable for examination purposes. 

8. □ Formal drawings are required In response to this Office action. 

9. □ The corrected or substitute drawings have been received on _ . Under 37 c . F . a te4 these drawlng8 

are U acceptable. □ not acceptable (see explanation or Notice re Patent Drawing. PTO-94B). 

10. □ The proposed additional or substitute sheet(s) of drawings, filed on has (have) been □ approved by the 

examiner. U disapproved by the examiner (see explanation). 

11. □ The proposed drawing correction, filed on ha8 been □ approved. □ disapproved (see explanation). 

12. □ Acknowledgment Is made of the claim for priority under U.S.C. 1 19. The certified copy has □ been received □ not been received 

□ been filed In parent application, serial no. ; f || ed on 



13. □ Since this application appears to be in condition for allowance except for formal matters, prosecution as to the merits is closed in 

accordance with the practice under Ex parte Quayle, 1935 CD, 11; 453 O.Q. 213. 

14, □ Other 



EXAMINER'S ACTION 



Serial No. 558799 
Art Unit 189B 



.1991 



This action is responsive to the amendment filed May 20, 



The following is a quotation of the first paragraph of M 
u.s.c. § J12: 

The specification shall ronta-ln = , .- : i ■ 

invention, and of the £anK ,5d m ^"wiption of the 

it, in such full, nl a c an'T '' ,", C f 8 "" 9 and usin S 

enable any person skilled i the 'art to !,' L, t8 ^ 8 33 to 
or with which it is M „ " ! e ait '" l : ,l,cn 11 Pertains, 
the same and nhall set forth tL h^f^l' ko "' Ske a,ld ,JSe 
the inventor of carrying lit S^SnSSS . ^ 

The specification is objected to un.h,, 3r , o.s.c. § 13 2 

first paragraph, as to adequately teach , lllaK , Bnd/or 

the invention, i.e. failing providing an ending disclosure. 

The objection continues to be that as «„,. forth in page 4 „ f 
Paper No. 4 with the exception that the te,„ -c,« Wll . tlnn . h „ 
been deleted. 

Applicants' arguments have been considered but are not 
Persuasive since there is nothing of record to show that the 
state of the art is advanced to the point where one skilled in 
the art can predict easily (without undue experimentation) the 
analogues, segments, m , xt ures. conjugates and po ly „ lers thereof 
which would be expected to detect antibodies to hepatitis C 
virus . 

Claims 1.3.5-6..-„. a8|30 _33 and 35-« are rejected under 3, 
U.»-C I 112, first paragraph, for the reasons set forth :i r , the 
objection to the specification. 



Serial No. 558799 _ 3 
Art Unit 189B 



Claims 1.3. 5-6. fi-U. 28. 30-33 and 35-43 are reacted under 35 

U.S.C. § Ha, second paragraph, as being indefinite for failing 

to Particularly point out and distinctly clain, the subject matter 

which applicant regards as the invention. 

The claims continue to be reiecteri f, ,•• n-^ 

rejected foj the reasons set forth 

on page 4 (a) of paper No. 4. 

Applicant's arguments have been cor.sj.fu, 0 ,1 but art „ ot 
persuasive since ,.hey do not establish how the recited ter.ns 
"■it the claimed peptides to specific segments, 
mixtures, conjugates and polymers thereof. 

Claims 44-46 and 48-54 are allowable. 

Claims 47 and 55-64 are rejected und.w ;, 5 u.S.C. § ll 2 
second paragraph, as being indefinite for , alU „g to particularly 
P0l»t.«,t and distinctly claim the subjeo, matter which applicant 
regards as the invention. 

C1aim 47 18 ^e amino acid sentence is 

wrong- LysGlnLys, 

<b> Claims 55-64 are indefinite since the claims do not list the 
Peptides that X . HP. II , .III . H ID , Iv , V, VI , VII , V.TII and IXD 
represent. • 

Applicant's amendment necessitated the new grounds of 
rejection. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 
■ 706.07(a). Applicant ls remjnded of axterisjc)n Qf t _ me 

policy as set forth in 37 C.F.R. § 1.136(a). 
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A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS FINAL 

ACTION IS SET TO EXPIRE THREE MONTHS FROM THE DATE' OF THIS 

*S T £?2- IN THE EVENT A FIRST RESPONSE IS FILED WTTHTN TWO MONTHS 

rl ™£ MAILING DATE OF THIS FINAL, ACTION AND THE ADVISORY ACTTON 

^SSL25 ILBD UNTIL AFTER THE END 0F THE THREE-MONTH SHORTENED 
STATUTORY PERIOD, THEN THE SHORTENED STATUTORY PERIOD WILL, FXPTRF 

SSrSSkPS l7'cTl S °l\ k ?^\™ MAILED, AND aS^So^S* 
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AMENDMENT AND RESPONSE PURSUANT to 3 5 C.F.R. 1,116 
AFTER FINAL REJECTION 



sir: 

This is submitted in response to the Office Action 
dated August 15, 1991 for which a three month response 
period was set. 

Enclosed herewith is a set of formal drawings 
Figs. 1-15 (27 sheets) to replace the informal drawings 
filed with the application. 

AMENDMENT 

Please amend claims 1, 3, 5, 6,8, 9, 30-33, 35-42, 
47, and 55, 59-61 as follows: 



1 (Twice Amended) . A peptide composition 
comprising a peptide selected from the group consisting of 
Peptide I to IX each peptide with an amino acid /sequence as 
follows: 



r 



/ 



(i) 



(ii) 



(iii) 



(iv) 



(v) 



(vi) 



(vii)y 



Glu-Glu-Cys-Ser-Gln-His- 
Glu-Gln-Gly-Met-Met-Leu- 
Lys-Gln-Lys-Ala-Leu-Gly; 
Ala-Ser-Arg-Gln-Ala-Gl) 



Pro-Tyr-Ile- 
a-Glu-Gln-Phe- 
.eu-Leu-Gln-Thr- 
•Val-Ile-Ala-Pro-X 
(Peptide I) 



Ser-Gly-Lys-Pro-Ala/lle-Ile-Pro-Asp-Arg- 



Glu-Val-Leu-Tyr 
Glu-Glu-Cys-Ser 
Glu-Gln-Gly-Met 
Lys-Gln-Lys-Ala 



■Arg-Glu-Phe-Asp-Glu-Met- 
-G}fa-His-Leu-Pro-Tyr-Ile- 
-Leu-Ala-Glu-Gln-Phe- 
u-Gly-Leu-X 

(Peptide II) 



Cys-Val-Val-Jle-Val-Gly-Arg-Val-Val-Leu- 
Ser-Gly-LysyPro-Ala-Ile-Ile-Pro-Asp-Arg- 
Glu-Val-Leu^Tyr-Arg-Glu-Phe-Asp-Glu-Met- 
Glu-Glu-Cy^-Ser-Gln-His-Leu-Pro-Tyr-Ile-X 

(Peptide III) 

Ser-Glyvlys-Pro-Ala-Ile-Ile-Pro-Asp-Arg- 
Glu-ValALeu-Tyr-Arg-Glu-Phe-Asp-Glu-Met- 
Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile- 
Glu-G/n-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-X 

(Peptide IV) 

Lys/Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr- 
ALfc-Ser-Arg-Gln-Ala-Glu-Val-lle-Ala-Pro- 
ta-Val-Gln-Thr-Asn~Trp-Gln-Lys-Leu-Glu- 
ir-Phe-Trp-Ala-Lys-His-Met-Trp-Asn-Phe-X 

(Peptide V) 

Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe- 
Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr- 
Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro- 
Ala-Val-Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu- 
Thr-X 

(Peptide VI) 

Pro-Gly-Ala-Leu-Val-Val-Gly-Val-Val-Cys- 
Ala-Ala-Ile-Leu-Arg-Arg-His-Val-Gly-Pro- 
Gly-Glu-Gly-Ala-Val-Gln-Trp-Met-Asn-Arg- 
Leu-Ile-Ala-Phe-Ala-Ser-Arg-Gly-Asn-His- 
Val-Ser-Pro-X 

(Peptide VII) 
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(viii) 



and 



(ix) > 



Ser-Thr-Ile- 
Lys-Arg-Asn- 
Val-Lys-Phe- 
Gly-Gly-Val- 
Pro-Arg-Leu- 
Thr-Ser-Glu- 
Arg-X 



•Pro-Lys- 
•Thr-Asn- 
•Pro-Gly- 
•Tyr-Leu- 
■Gly-Vai- 
•Arg-Ser- 



Gly-Arg- 
Arg-Pro* 
Gly-Tyr- 
Gly-Cys- 
Pro-Arg« 
Thr-Asp- 
Gly-X 



•Arg-Gln-Pro- 
•Glu-Gly-Arg- 
■Pro-Trp-Pro- 
•Gly-Trp-Ala- 
Gly-Ser-Arg- 
Pro-Arg-Arg- 



Pro-Gln- 
Arg-Arg- 
•Gly-Gly. 
•Leu-Pro- 
Arg-Ala- 
•Gin-Pro- 



Ile-Pro- 
Tyr-Trp- 
Leu-Thr- 
•Gly-Trp- 
Pro-Ser- 
•Arg-Ser- 



•Arg-Lys-Thr- 
•Pro-Gln-Asp- 
•Gln-Ile-Val- 
•Arg-Arg-Gly- 
•Thr-Arg-Lys- 
•Arg-Gly-Arg- 

( Peptide VIII) 



•Lys-Val-Arg- 
•Ala-Gln-Pro- 
•Gly-Asn-Glu- 
■Leu-Leu-Ser- 
■Trp-Gly-Pro- 
-Arg-Asn-Leu- 

(Peptide IX) 



wherein X is -OH^r -NH 2 ; and 



( x ) a li analogue of each of the above peptides 

having an amino acid sequence derived from a 
strain/isolate of HCV in a region 
correspon ding to the peptide and having 
specific i mmunoreactivity to antibodies to 
HCV relative fro the peptide of at least 20* ; 
h*. a segme nt of each of the above peptides 
or analogue thereof having specif ic 
immunoreacti vitv to antibodies to HCV 
relative to t he peptide of at least 20* ; 

a mixture of the Nabove peptides or 
analogues of the peptides; 

^ a conjugate of eac hNof the peptides with , 
carrier protein s, the conWrate having 
specific imirmn oreactivitv to antibodies to 
HCV relative t o the peptide of at least 20* r 
and 
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a PQlvmer of each of the peptides 
comprising a branching dimer. tetramer. or 
octomfrr of the peptide on a m ono, tri . or 
hepta lysine cor e respectively. 
[analogues^ segments, mixtures, conjugates 
and polymers\thereof . ] 



3 (Twice Amended) . A peptide composition 
according to Claim 1 wherein the peptide comprises a segment 
of Peptide II and has an\ amino acid sequence selected from 
the group consisting of: 



(i) Cys-Ser-Glln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly- 
Met-Met-Leb-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly-Le|Li-X; 

(Peptide IIC) 

(ii) Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro- 
Tyr-Ile-Glii-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln- 
Phe-Lys-Glr|-Lys-Ala-Leu-Gly-Leu-X; 

(Peptide IID) 

(iii) Leu-Tyr-Argl-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys- 
Ser-Gln-HisVLeu-Pro-Tyr-Ile-Glu-Gln-Gly-Met- 
Met-Leu-Ala+Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu- 
Gly-Leu-X; 1 

(Peptide HE) 

(iv) Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp- 
Glu-Met-Glu-Glu-Cys-Ser-GlnHHis-Leu-Pro-Tyr- 
Ile-Glu-Gln-dly-Met-Met-Leu-Ala-Glu-Gln-Phe- 
Lys-Gln-Lys-^a-Leu-Gly-Leu-X ; 

(Peptide IIF) 
wherein X is -OH or -NH 2 and ^analogues thereof.] 

an analogue of eachl n f the above peptides having 
an amino aci d secruertce derived from a 
strain/isolate of HCV in a region corresponding to 
the peptide and ha viAg specific immunoreactivity 
to antibodies to HCV jr elative to the peptide of at 
least 20%. 



\> 
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5 (Twice Amended) . A peptide composition 
according to Claim l\ wherein the peptide comprises a segment 
of Peptide III and hate an amino acid sequence selected from 
the group consisting of: 



(i) Ile-Ile-tero-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu- 
Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu- 
Pro-Tyr-Ile-X? 

\ (Peptide IIIC) 

(ii) < Ser-Gly-Ly.s-Pro-Ala-Ile-lle-Pro-Asp-Arg-Glu- 
Val-Leu-Tyy-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
Cys-Ser-Glft-His-Leu-Pro-Tyr-Ile-X; 

(Peptide HID) 

(iii) Gly-Arg-ValAval-Leu-Ser-Gly-Lys-Pro-Ala-Ile- 
Ile-Pro-Asp-Wg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-iflu-Glu-Cys-Ser-Gln-His-Leu-Pro- 
Tyr-Ile-X; 

(Peptide HIE) 



wherein X is - OH or -NH 2 and a[ analogues thereof. 3 

an analogue of each of the above peptides having 
an amino acid sequence derived from a 
strain/isolate of HCV \in a region corresponding to 
the peptide and h aving \specific immunoreactivitv 
to antibodies to HCV re\ative to the peptide of at 
least 20% , 

6 (Twice Amended) , A peptyde composition 
according to Claim 5 wherein the peptide has an amino acid 
sequence as follows: 

Ser-Gly-Lys-Pro-Ala-Ile-Ile-fcro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-^et-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-X ? 

(Peptide HID) 
wherein X is -OH or -NH 2 or an [analogue\ thereof . ] 

an analogue of the above peptide having an amino 
acid secruence derived from a stirain/isolate of HCV 
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in a region corresponding to the peptide and 
having specif ic\ immunore activity to antibodies to 
HCV. relative to\the peptide of at least 20%. 



8 (Twice Amenddd) . A peptide composition 
according to Claim 1 wherein the peptide comprises a segment 
of Peptide VIII and has aqi amino acid sequence selected from 
the group consisting of: 



( i ) Thr-Lys-Argj-Asn-Thr-Asn-Arg-Arg-Pro-Gln- Asp- 
Val-Lys-Phe|-Pro-Gly-Gly-Gly-Gln-Ile-Val-Gly- 
Gly-Val-TyrhLeu-Leu-Pro-Arg-Arg-Gly-Pro-Arg- 
Leu-Gly-Vall-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu- 
Arg-Ser-Gln|-Pro-Arg-Gly-Arg-Arg-X; 

(Peptide VIIID) 

(ii) Asp-Val-Lys4Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val- 
Gly-Gly-ValjTyr-Leu-Leu-Pro-Arg-Arg-Gly-Pro- 
Arg-Leu-Gly4Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser- 
Glu-Arg-Ser-|Gln-Pro-Arg-Gly-Arg-Arg-X; 

(Peptide VIIIC) 

(iii) Val-Gly-Gly-Val-Tyr-Leu-Leu-Pro-Arg-Arg-Gly- 
Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr- 
Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-X; 



(iv) Gly-Pro-Arg-Iiei 
Thr-Ser-Glu-Abi 
X; I 

wherein X is -OH or -NH 2 or ar 
analogue of each of 


(Peptide VIIIB) 

j-Gly-Val-Arg-Ala-Thr-Arg-Lys- 
j-Ser-Gln-Pro-Arg-Gly-Arg-Arg- 

(Peptide VIIIA) 

i [analogue thereof.] 

Ithe above peptides having an 


amino acid sequence 


nerived from a strain/isolate 


of HCV in a region 


corresponding to the peptide 


and having specific 


immunoreactivity to antibodies 



to HCV relative to the\ peptide of at least 20%. 
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9 (Twice Amended) . A peptide composition 
according to Cla^m 1 wherein the peptide comprises a segment 
of Peptide IX and\has an amino acid sequence selected from 
the group consisting of: 



(i) Ile-frro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Thr- 
Trp-Aya-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- 
Gly-Akn-Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp-Leu- 
Leu-S4r-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly- 
Pro-ThV-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
Gly-X;i 

(Peptide IXD) 

(ii) Thr-TrpVAla-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu- 
Tyr-GlyAAsn-Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp- 
Leu-Leu-teer-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn- 
Leu-Gly-? 

(Peptide IXC) 

(iii) Leu-Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly- 
Trp-Leu-LeVi-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser- 
Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg- 
Asn-Leu-Gltf-X; 

(Peptide IXB) 

(iv) Trp-Ala-Gly^rp-Leu-Leu-Ser-Pro-Arg-Gly-Ser- 
Arg-Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg- 
Arg-Ser-Arg~]^sn-Leu-Gly-X ; 

(Peptide IXA) 



wherein X is -OH or -NH 2 or 



[analogue thereof.] 
analogue of each of\ the above peptid es having an 
amino acid sequence vderived from a strain/ isolate 
of HCV in a region corresponding to the peptide 
and having specific ihmunoreactivitv to antibodies 
to HCV relative to thd peptide of at least 2 0%. 

10. A peptide composition according to Claim 1 
wherein the peptide has an amino atid sequence as follows: 



Ser-Thr-Pro-Lys-Pro-Gln-(&n-Arg-Lys-Thr-Lys-Arg- 
Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Gly-Gly-Gly-Gln-Ile-Val-Giy-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-Gly«Pro-Arg-Leli-Gly~Val-Arg--Ala-Thr- 
Arg-Lys-Thr-Ser-Glu-Arg-Se^-Gln-Pro-Arg-Gly-Arg- 
Arg-X 
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wherein X is -OH or -NH 2 or an analogue [thereof]. 

of the aBove peptide having an amin o acid sequence 
derived fton a, strain/isolate of HCV in a region. 
corresponding to the peptide, and having specific 
immunoreaativity to antibodies to HCV relative to 
the peptide of at least 20%; and 

a segment of the above peptide having specific 
immunoreact Avitv to antibodies to HCV relative to 
the peptide bf at least 20%. 



11. A peptide composition according to Claim 1 
wherein the peptide has kn amino acid sequence as follows: 



Gly-Arg- 
Arg-Pro- 
Gly-Tyr- 
Gly-Cys- 
Pro-Arg- 
Thr-Asp- 
Gly-X; 



Arg-Glj 

Glu-Gly\ 

•Pro-TrpJ 

Gly-Trp- 

•Gly-Ser- 

•Pro-Arg- 



Pro-Ile- 
Arg-Thr- 
Pro-Leu- 
[Ala-Gly- 
rg-Pro- 
xg-Arg- 



•Pro-Lys- 
•Trp-Ala- 
Tyr-Gly- 
•Trp-Leu- 
•Ser-Trp- 
•Ser-Arg- 



Val-Arg- 
Gln-Pro- 
Asn-Glu- 
Leu-Ser- 
dy-Pro- 
•Asn-Leu- 



wherein X is -OH or -NH 2 an\ analogue [s] [thereof], 

of the above peptide having an amino acid sequence 
derived from a strain/isolate of HCV in a region 
corresponding to the peptide, and having specific 
immunoreactivitv to \antibodies to HCV relative to 
the peptide of at least 20%? and 

a segment of the above peptide or analogue thereof 
having specific immunoyeactivitv to antibodies to 
HCV relative to the peptide of at least 20%. 



8 - 



30 (Amended) . An ELISA test kit according to 
claim 28 wherein the [multiple wells are] solid phase is 
coated with a peptide composition comprising a segment of 
Peptide II and havina an amino acid sequence selected from 
the group consisting \of: 



Cys-Seri-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly- 
Met-MetVLeu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-GlyVLeu-X; 

Asp-Glu-Wt-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro- 
Tyr-Ile-felu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln- 
Phe-Lys-dln-Lys-Ala-Leu-Gly-Leu-X; 

Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys- 
Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met- 
Met-Leu-AlW-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu- 
Gly-Leu-X;\ 

Pro-Asp-Ard-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp- 
Glu-Met-GluV-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-Gln^Gly-Met-Met-Leu-Ala-Glu-Gln-Phe- 
Lys-Gln-Lys-J|Ala-Leu-Gly-Leu-X; 

[Ile-Ile-ProAAsp-Arg-Glu-Val-Leu-Tyr-Arg-Glu- 
Phe-Asp-Glu-^et-Glu-Glu-Cys-Ser-Gln-His-Leu- 
Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu- 
Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X; 

Ser-Gly-Lys-Prb-Ala-Ile-Ile-Pro-Asp-Arg-Glu- 
Val-Leu-Tyr-Ard-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
Cys-Ser-Gln-HisV-Leu-Pro-Tyr-Ile-Glu-Gln-Gly- 
Met-Met-Leu-AlaVGlu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly-Leu-X; \ 

wherein X is -OH or -NH 2 , and [Analogues thereof.] 

an analogue of each of the above peptides having an 

amino acid sequence de riVed from a strain/isolate 

of HCV in a region corresponding to the peptide and 

having specific immunoreafctivity to antibodies to 

HCV rela tive to the peptide of at least 2 0%. 



(i) 

(ii) 

(iii) 

(iv) 

(v) 

(vi)] 
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31 \( Amended ) . An ELISA test kit according to claim 
28 wherein [Vhe multiple wells are] solid phase is coated 
with a peptide having an amino acid sequence: 

Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg- 
Glu-Vai-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met- 
Glu-GluVcys-Ser-Gln-His-Leu-Pro-Tyr-Ile- 
Glu-GlnVGly-Met-Met-Leu-Ala-Glu-Gln-Phe- 
Lys-GlnnLys-Ala-Leu-Gly-Leu-X ; 

wherein X is OH or -NH 2 and [analogues thereof.] 

an analogue of the above peptide having an amino 

acid sequence derived from a strain/isolate of HCV 

in a region corresponding to the peptide and having 

specific immuVioreactivitv to antibodies to HCV 

relative to the peptide of at least 20%. 

3 2 (Amended) . An ELISA test kit according to claim 
28 wherein the [multiple! wells are] solid phase is coated 
with a peptide composition comprising a segment of Peptide 
III having an amino acid Sequence selected from the group 
consisting of: 

( i) Ile-Ile-ProWAsp-Arg-Glu-Val-Leu-Tyr-Arg-Glu- 
Phe-Asp-GluVMet-Glu-Glu-Cys-Ser-Gln-His-Leu- 
Pro-Tyr-Ile4x; 

( ii) Ser-Gly-Lys-Wo-Ala-Ile-Ile-Pro-Asp-Arg-Glu- 
Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-X; 

(iii) Gly-Arg-Val-vWl-Leu-Ser-Gly-Lys-Pro-Ala-Ile- 
Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-G^u-Glu-Cys-Ser-Gln-His-Leu-Pro- 
Tyr-ile-X; 

[ (iv) Cys-Val-Val-Ili-Val-Gly-Arg-Val-Val-Leu-Ser- 
Gly-Lys-Pro-Ald-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-GluV-Phe-Asp-Glu-Met-Glu-Glu-Cys- 
Ser-Gln-His-Leu+Pro-Tyr-Ile-X ; ] 

wherein X is -OH or -NH 2 and [analogues thereof.] 

an analogue of e ach of the above peptides having an 

amino acid sequ ence derived from a strain/isolate 
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of HCV in \a region corresponding to the peptide and 
having specific iimnunoreactivitv to antibodies to 
HCV relatives to the peptide of at least 20%. 

3 3 (Amended) .\ An ELISA test kit according to claim 

3 2 wherein the peptide\ is: 

(ii) Ser-GlyALys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu- 
Val-Leu-Wr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
Cys-Ser-Qln-His-Leu-Pro-Tyr-Ile-X? 



wherein X is -OH or -NH 2 \or an [analogue thereof,] 



analogue of the Above peptides having an amino acid 
sequence derived from a strain/isolate of HCV in a 
region correspond iW* to the peptide and having 
specific immunorea&tivitv to antibodies to HCV 
relative to the peptide of at least 2 0%. 



35 (Amended). \ An ELISA test kit according to Claim 
28 wherein [the multiple wells are] solid phase is coated 
with a peptide composition comprising a segment of Peptide 
VIII having an amino aciJj sequence selected from the group 
consisting of: 

( i ) Thr-Lys-Aro\-Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp- 
Val-Lys-PheVpro-Gly-Gly-Gly-Gln-Ile-Val-Gly- 
Gly-Val-TyrALeu-Leu-Pro-Arg-Arg-Gly-Pro-Arg- 
Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu- 
Arg-Ser-Gln-^ro-Arg-Gly-Arg-Arg-X; 

(ii) Asp-Val-Lys-Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val- 
Gly-Gly-Val-Ttfr-Leu-Leu-Pro-Arg-Arg-Gly-Pro- 
Arg-Leu-Gly-VaU-Arg-Ala-Thr-Arg-Lys-Thr-Ser- 
Glu-Arg-Ser-Glia-Pro-Arg-Gly-Arg-Arg-X; 

(iii) Val-Gly-Gly-ValVTyr-Leu-Leu-Pro-Arg-Arg-Gly- 
Pro-Arg-Leu-GlyAval-Arg-Ala-Thr-Arg-Lys-Thr- 
Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-X ? . 

( iv) Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys- 
Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg- 
X; 

wherein X is -OH or -NH 2 or an [analogue thereof.] 
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analogue of each of the above peptides having an 
amino \acid sequence derived from a strain/isolate 
of HCVUn a region corresponding to the peptide and 
having specific immunoreactivity to antibodies to 
HCV relative to the peptide of at least 20%. 

36. An ELISA test kit according to Claim 28 
wherein [the multiple wells are] solid phase is coated with 
a peptide composition comprising a segment of Peptide IX 
having an amino. acid\ sequence selected from the group 
consisting of: 

(i) Ile-ProV-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Thr- 
Trp-AlaVGln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- 
Gly-Asn^Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp-Leu- 
Leu-Ser4Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly- 
Pro-Thr-psp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
Gly-X; 

(ii) Thr-Trp-AhaH31n-Pro-Gly-Tyr-Pro-Trp-Pro-Leu- 
Tyr-Gly-Atn-Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp- 
Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
Gly-Pro-Thp-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn- 
Leu-Gly-X; 

(iii) Leu-Tyr-Gly\-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly- 
Trp-Leu-Leu\-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser- 
Trp-Gly-Pro+Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg- 
Asn-Leu-Gly-^X ; 

(iv) Trp-Ala-GlyHTrp-Leu-Leu-Ser-Pro-Arg-Gly-Ser- 
Arg-Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg- 
Arg-Ser-Arg-flsn-Leu-Gly-X ; 

wherein X is -OH or -NH 2 or an analogue [thereof.] 



of each of the above vpeptides having an amino acid 
sequence derived from\a strain/isolate of HCV in a 
region corresponding tk the peptide and having 
specific immunoreactivity to antibodies to HCV 
relative. to the peptide bf at least 20%. 
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37 (Amended) . An ELISA test kit according to Cla 
28 wherein the [multiple wells are] solid phase is coated 
with a peptide composition comprising a peptide havj/ng an 
amino acid sequence as follows: 



Ser-Thr-Ile-pro-Lys-Pro-Gln-Arg-Lys/*Thr- 
Lys-Arg-Asn-Thr-Asn-Arg-Arg-Pro-G^n-Asp- 
Val-Lys-Phe-Pro-Gly-Gly-Gly-Gln-^le-Val- 
Gly-Gly-Val-Tyr-Leu-Leu-Pro-Arjar^-Arg-Gly- 
Pro-Arg-Leu-Gly-Val-Arg-Ala-Tftr-Arg-Lys- 
Thr-Ser-Glu-Arg-Ser-Gln-Pro/Arg-Gly-Arg- 
Arg-X 

wherein X is -OH or -NH 2 or an Analogue thereof.] 

analogue of the abovfe peptide having an amino acid 
seguence derived/^rom a strain/isolate of HCV in a 
region correspon ding to the peptide, and having 
specific iirimunoreactivitv to antibodies to HCV 
relative to the peptide of at least 20%? and 
a segment of the above peptide or analogue thereof 
having specific immunoreactivitv to antibodies to 
iCV relative to the peptide of at least 20%. 



38 (Amended) . An ELISA test kit according to Claim 
28 wherein the [multiple wells are] solid phase is coated 
with a peptide composition comprising a peptide having an 
amino acid sequence as Vollows: 



Gly-Arg- 
Arg-Pro- 
Gly-Tyr- 

Gly-Cys- 
Pro-Arg- 
Thr-Asp- 
Gly-X; 



Arg-Gln-fcro-Ile-Pro-Lys-Val-Arg- 
Glu-Gly-AVg-Thr-Trp-Ala-Gln-Pro- 
Pro-Trp-Piro-Leu-Tyr-Gly-Asn-Glu- 
Gly-Trp-Alfe-Gly-Trp-Leu-Leu-Ser- 
Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro- 
Pro-Arg-Ar<^-Arg-Ser-Arg-Asn-Leu- 



wherein X is -OH or -NH 2 and V analogues thereof.] 
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an analb 


aue of each of the above peptides havina an 


amino ao 


id seouence derived from a strain/isolate 


of HCV i 


n a reaion corresponding to the peptide and 


havina s 


fcecific immunoreactivitv to antibodies to 


HCV rela 


tiive to the peptide of at least 2 0%. 



39 (Amended) . An ELISA test kit according to Claim 
28 wherein the [multiple wells are] solid phase is coated 
with a peptide composition comprising a mixture of Peptides 
IIH and V, Peptides! IIH and V having the following amino 
acid sequences respectively: 

(i) Ser-dly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu- 
Val-Lteu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
Cys-Ster-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly- 
Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-GlW-Leu-X (IIH) 

(ii) Lys-Glif-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala- 
Ser-Ard-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val- 
Gln-ThrV-Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp- 
Ala-Lys\-His-Met-Trp-Asn-Phe-X ? (V) 

wherein X is -OH or -NlL or [analogues thereof.] 

an analogue of teach of the above peptides havina an 

amino acid sequence derived from a strain/isolate 

of HCV in a regibn corresponding to the peptide and 

having specific aUmunoreactivitv to ant i bodies to 

HCV relative to the peptide of at least 20%. 



40 (Amended) . An feLISA test kit according to Claim 
28 wherein the . [multiple wells are] solid phase is coated 
with a peptide composition comprising a mixture of Peptides 
IIF, HID and V, Peptide Hf\ HID and V having the 
following amino acid sequenced respectively: 
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( i\J Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp- 

\ Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 

\ ne-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe- 

\ Lys-Gln-Lys-Ala-Leu-Gly-Leu-X; (IIF) 

(ii) \ Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu- 

\ Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
\ Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-X; (HID) 

(iii) \Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala- 
Eer-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val- 
Aln-Thr-Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp- 
MLa-Lys-His-Met-Trp-Asn-Phe-X ; (V) 

wherein X is -OH lor -NH2 or [analogues thereof.] 

an analogue of each of the above peptides having an 

amino acid sequence derived from a strain/isolate 

of HCV in a region corresponding to the peptide and 

having specific immunorea ctivitv to antibodies to 

HCV relative\to the peptide of at least 20%. 



41 (Amended). \An ELISA test kit according to Claim 

28 wherein the [multiple wells are] solid phase is coated 

with a peptide composition comprising a mixture of Peptides 

IIH, V and VIIIE, Peptidd IIH, V and VIIIE having the 

following amino acid sequences respectively: 

Ser-Gly-Lys\-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu- 
Val-Leu-TyrVArg-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
Cys-Ser-Gln4His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly- 
Met-Met-Leu-^Vla-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly-Leu-K ; (IIH) 

Lys-Gln-Lys-;b.a-Leu-Gly-Leu-Leu-Gln-Thr--Ala- 
Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val- 
Gln-Thr-Asn-Tro-Gln-Lys-Leu-Glu-Thr-Phe-Trp- 
Ala-Lys-His-Mdt-Trp-Asn-Phe-X ; (V) 

Ser-Thr-Ile-pro^Lys-Pro-Gln-Arg-Lys.Thr-Lys- 
Arg-Asn-Thr-AsnV-Arg-Arg-Pro-Gln-Asp-Val-Lys- 
Phe-Pro-Gly-GlyAGly-Gln-Ile-Val-Gly-Gly-Val- 
Tyr-Leu-Leu-Pro-IArg-Arg-Gly-Pro-Arg-Leu-Gly- 
Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu-Arg-Ser- 
Gln-Pro-Arg-Gly-AVg-Arg-X; (VIIIE) 

wherein X is -OH or -NH2 or an [analogue thereof.] 



(i) 

(ii) 
(iii) 
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1/ 



an analogue of\ each of the above peptides having an 
amino acid seguence derived from a strain/isolate 
of HCV in a region corresponding to the peptide and 
having specific Timmunoreactivitv to antibodies to 
HCV relative to tajie peptide of at least 20%. 

4 2 (Amended) . An EfLISA test kit according to Cla^ 
28 wherein the [multiple weirs are] solid phase is coated 
with a peptide composition comprising a mixture of Peptides 
VIIIE and IXD, Peptide VIIIE and IXD having the following 
amino acid sequences respectively: 

(i) Ser-Thr-Ile-pro-Lys-Pro-Gln-Ar^-Lys-Thr-Lys- 
Arg-Asn-Thr-Asn-Arg-Arg-Pro-jSln-Asp-Val-Lys- 
Phe-Pro-Gly-Gly-Gly-Gln-Ile^Val-Gly-Gly-Val- 
Tyr-Leu-Leu-Pro-Arg-Arg-GW-Pro-Arg-Leu-Gly- 
Val-Arg-Ala-Thr-Arg-Lys-^nr-Ser-Glu-Arg-Ser- 
Gln-Pro-Arg-Gly-Arg-Arg/x; (VIIIE) 

(ii) Gly-Arg-Arg-Gln-Pro-^Ele-Pro-Lys-Val-Arg-Arg- 
Pro-Glu-Gly-Arg-Thr/Trp-Ala-Gln-Pro-Gly-Tyr- 
Pro-Trp-Pro-Leu-Ty/r-Gly-Asn-Glu-Gly-Cys-Gly- 
Trp-Ala-Gly-Trp-Lfeu-Leu-Ser-Pro-Arg-Gly-Ser- 
Arg-Pro-Ser-Trp/Gly-Pro-Thr-Asp-Pro-Arg-Arg- 
Arg-Ser-Arg-As^-Leu-Gly-X ; ( IXD) 



wherein X is -OH or -NH 2 a 



[analogues thereof.] 
an analogue of each of the above peptides having an 
amino acid sequence derived from a strain/ isolate 
of HCV in a/region corresponding to the peptide, 
and having specific immunoreactivitv to antibodies 
to HCV/relative to the peptide of at least 20%; 
a segment of each of the above peptide or analogue 
thereof having specific jmmunoreacUvity to 
ntibodies to HCV relative to the peptide of at 
least 20%. 
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1 




(imended). A peptide having the amino acid 



sequence: 



Lys-Gl[y]n-Lys-Ala-*Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser- 

Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr- 

Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp-Ala-Lys-His- 

Met-Trp-Asn-Phe-X 

( Peptide VI 



wherein X is -OH or NH r 



$1 

(Aine 




^ (Amended) . An ELISA test kit for the detection 
of antibodies to HCV or NANBHV or the diagnosis of HCV or 
NANBHV infection comprising: 

(i) a solid [substrate] Phase coated with a 
peptide composition containing any one of the 
following peptides: 

Glu-Glu-Cvs-Ser-Gln-His-Leu -Pro-Tvr-Ile-Glu- 
Gln-Glv-Met-Met-Leu-Ala- Glu-Gln-Phe-Lvs-Gln- 
Lvs-Ala-I^u-Glv-Leu- T,eu-Gln-Thr-Ala-Ser-Arq^ 



CTn-Ala-Glu -Val-Ila-Ala-Pro-X; 



(Peptide I) 



Pro-AsD-Ara-Glu-Val-Leu -Tyr-Arcr-Glu-Phe-Asp- 
Glu-Met-Glu-Glu-Cys-Ser-G ln-His-Leu-Pro-Tyr- 
Ile-Glu-Gln-Glv-Met-Met- Leu-Ala-Glu-Gln-Phe- 
Lvs-Gln-Lys-Ala-T ^-Gly-Leu-X ; 

(Peptide IIF1 



Ser-Glv-Lvs-Pro-Ala-Ile- Ile-Pro-Asp-Ara-Glu- 
Val-Leu-Tvr-Ara-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
Cys-Ser-Gln-His-Leu-Pro-Tv r-Ile-Glu-Gln-Gly- 
Met-Met-T^u-Ala-G lii-Gln-Phe-Lys-Gln-Lys-Ala- 

freu-Gly-Leu-Xf 

(Peptide II) 

Cys-Val-Val-Ile-Val-Glv-A ra-Val-Val-Leu-Ser- 
Glv-Lvs-Pro-Ala-Ile-Ile-Pr o-Asp-Ara-Glu-Val- 
Leu-Tvr-Ara-Glu-Phe-Asp-Glu-Met- Glu-Glu-Cys- 
Ser-Gln-His-Leu-P ro-Tvr-Ile-X; 

(Peptide III) 

Ser~Glv-Lys-Pro-Ala»Ile-Il e-Pro-Asp-Ara-Glu- 
Val-Leu-TY^Ara-Glu -Phe-Asp-Glu-Met-Glu-GlU- 
Cys-Ser-Gln-Hl a-I*u-Pro-Tyr-Ile-X ; 

(Peptide HID) 



Ser-Glv-Lvs-Pro-Ala-Ile-Ile-Pro-Asp-Arq-Glu- 
Val-Leu-Tvr-Arq-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
Cys-Ser-Gln-His-I.eu-Pro-TYr-Ile-Glu-Gln-'GlV" 
Met-Met-Le u-Ala-Glu-Gln-Phe-X ; 

(Peptide IV) 



Lys-GIn-Lys-Ala-Leu-Glv-Leu-Leu-Gln-Thr-Ala- 
Ser-Arq-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val- 
Gln-Thr-Asn-Trp-Gln-Lvs-Leu-Glu-Thr-Phe-Trp- 
Ala-Lvs-His-Met-Trp-Asn-Phe-X ; 

(Peptide V) 

Glu-Gln-Glv-Met-Met-Leu-Ala-Glu-Gln-Phe-Lvs- 
Gln-Lvs-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser- 
Arq-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln- 
Thr-Asn-Trp-Gln-Lvs-Leu-Glu-Thr-X; 

(Peptide Vj) 

ProHSly-Ala-Leu-Val-Val-Glv-Val-Val-Cvs-Ala- 
Ala-Ile-Leu-Arg-Arq-His-Val-Gly-Pro-Gly-Glu- 
Glv-Ala-Val-Gln-Trp-Met-Asn-Arq-Leu-Ile-Ala- 
Phe-Ala-Ser-Arg-Glv-Asn-His-Val-Ser-Pro-X; 

(Peptide VII) 

Ser-Thr-Ile-Pro-Lvs-Pro-Gln-Arq-Lys-Thr-Lys- 
Arq-Asn-Thr-Asn-Arq-Arq-Pro-Gln-Asp-Val-Lvs- 
Phe-Pro-Glv-Glv-Glv-Gln-Ile-Val-Glv-Glv-Val- 
Tyr-Leu-Leu-Pro-Arg-Arq-Gly-Pro-Arq-Leu-Glv- 
val-Arq-Ala-Thr-Arg-Lys-Thr-Ser-Glu-Arg-Ser- 
Gln-Pro-Arq-Gly-Arq-Arq-X; and 

(Peptide VIII) 

Ile-Pro-Lvs-Val-Arq-Arg-Pro-Glu-Glv-Arq-Thr'- 
Trp-Ala-Gln-Pro-Gly-Tvr-Pro-Trp-Pro-Leu-Tyr- 
Glv-AsnH51u-GlY-Cys-Glv-Trp-Ala-Glv-Trp-Leu- 



Leu-Ser-Pro-Arg-Glv-Ser-Arg-Pro-Ser-Trp-Gly- 
Pro-Thr-Asp-Pro-Arg-Arq-Arq-Ser-Arq-Asn-Leu- 

(Peptide IXD) 

[I, IIF, II, III, HID, IV, V, VI, VII, VIII, and IXD] or 
mixtures thereof; 

(ii) a negative control sample; and 

(iii) an inactivated HCV positive control 
sample; 

(iv) specimen diluent; 

(v) enzyme labelled antibodies to human IgG; 
and 



(vi) an enzyme substrate. 
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(Amended) . An\ELISA test kit for the detection 
of antibodies to HCV or NANBHV or the diagnosis of HCV or 
NANBHV infection comprising^ 

(i) wherein\the peptide composition 

comprises a mixture of 

Ser-GlY-Lys-Pyo-Ala-lle-li^e-Pro-Asp-Arq-Glu-Val- 
^eu-Tvr~Arq-GXu-Phe-Aa\p-Glu-M et~Glu-G lu-Cys-Ser- 
Gln-His-Leu-Pro-Tvr-Ilfe-Glu-Gln-Glv-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gli\-LYS-Ala-Leu-Glv-Leu-xTTnd 

(Peptide III 

Lvs-Gln-Lvs-Ala-Leu-GlyAl.eu-Leu-Gln-Thr-Ala-Ser- 
Arq-Gln-Ala-Glu-Val-Ile-^la-Pro-Ala-Val-Gln -Thr- 
Asn-Trp-Gln-Lvs-Leu~Glu-Thr-Phe-Trp-Ala~Lvs-His- 
Met-Trp-Asn-Phe-X 

(Peptide V) 

[Peptides II and V] ; 

(ii) a negative control sample; and 

(iii) an inactivated^ HCV positive control 
sample; 

(iv) specimen diluent 

(v) enzyme labelled antibodies to human IgG; 
and 

(vi) an enzyme 

(Amended) . An ELISA test kit for the detection 

of antibodies to HCV or NANBHV or the diagnosis of HCV or 

NANBHV infection comprising: 

(i) wherein the peptide Composition 

comprises a mixture of 

Ser~Glv-Lvs-Pro-Ala-Ile-Ile-Pro-As^~Ara-Glu-Val- 
Leu~Tyr-Ara-GlU"Phe-Asp--Glu-Met-Gia-Glu-Cvs-Ser- 
Gln-His-Leu-Pro-Tvr-Ile-Glu-Gln-GlylMet-Met-Leu- 
AlaHnu-Gln-Phe-Lvs-Gln-Lvs-Ala-I^u\Glv-Leu-y ; "a"nd 

Peptide II) 



( 



- 19 - 



\ 

Ser-Thr-Ile-Pro-LVs-Pro-Gln- Ara-Lvs-Thr-Lvs-Arg- 
Asn-Thr-Asn-Ara-Ai\q-P ro-Gln-As P -Val-Lvs-Phe-Pro- 
G3,y-GlY-G^Y-Gln-I3,lp-Va3.-GlY-GlY-Val,-TYr-Leu-Leu- 
Pro-Arq-Ara-Glv-Prb-Ara-Leu-Glv-Va l-Ara-Ala-Thr- 
Arq-Lvs-Thr-Ser-GlA-Arq-Ser-Gln-Pro-Arq-Glv-Arg- 
Arq-X 

(Peptide VIII] 



[Peptides II and VIII]; 

(ii) a negative control sample; and 

(iii) an inactivated HCV positive control 
sample; 

(iv) specimen diluent; 

(v) enzyme labelled antibodies to human IgG; 
and 



(vi) an enzyme substrate. 

it 

(Amended) . An ELISA tW kit for the detection 
of antibodies to HCV or NANBHV or the diagnosis of HCV or 



J' 



NANBHV infection comprising: 

(i) wherein the peptide composition 



Ser 



comprises a mixture 
'-Glv-Lvs-Pro-Ala-Ile-Ile-Pro-Aso-Arq-Glu-Val- 



Leu-Tvr-A ra-Glu-Phe-Asp-Glu-^et~Glu-Glu-Cvs>Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-C&n-Glv-MetHqet-Leu- 
Ala-Glu-Gln-Phe-Lvs-Gln-Lvs-A^-Leu-Gly-Leu-X; 

(Peptide II) 

Lvs-Gln-Lvs-Ala^Leu-Gly-Leu-LeU-Gln-Thr-Ala-Ser- 
Arq-Gln-Ala-Glu-Val-Ile~Ala~Pr<b-Ala-Val-Gln->Thr- 
Asn-Trp-Gln-Lvs-Leu-Glu-Thr-Phe\-Trp-Ala-Lvs"His- 
Met-Trp-Asn-Phe-X; and 

(Peptide V) 



Ser-Thr-Ile-Pro-Lvs-Pro-Gln-Arq-tiVs-Thr-Lvs-Arg- 
Asn-Thr-Asn-Arq-Ara-ProH51n-Asp-fral-Lvs-Phe-Pro- 
Glv-Glv-GlY-Gln-Ile-Val-Gly-Glv-^al-Tvr-Leu-Leu- 



Pro-Arg-Arq-Glv-Pro-Arq-Leu-GIy- 
Arg-LYS-Thr-Ser-Glu-Arg-Ser-Gln- 
Arg-X 



al-Arq-Ala-Thr- 
ro-Arg-Glv-Arq- 



(Peptide VIII) 



[Peptides II, V and VIII]; 

(ii) a negative control samble; and 
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(iii) an inactivated HCV positive control 
sample; 

(iv) specimen diltoent; 

(v) enzyme labellep antibodies to human IgG 
and 

(vi) an enzyme substferate. 



Please cancel Claims 43, 56, 57 and 58 without 



prejudice. 
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REMARKS 

Claims 1-9 have been amended to more clearly define 
analogues, segments, mixtures, conjugates and polymers of 
the peptides. Support for the amendment can be found in the 
specification for: 

I. Analogues - Page 6, lines 26 - Page 9, line 
12; and Page 27, lines 5-16; 

II. Segments - Page 18, lines 16-18; Table 1, 
Page 31; Table 7, Page 32; Table 2, Page 40; 
Table 5, Page 67 originally filed claims 3, 
5, 8 and 9; 

III. Mixtures -Examples 2, 8, 9, 10, 12, 15, 16, 
17 and 18 ; . 

IV. Conjugates - Page 27, lines 17-22 and Example 
3 ; and 

V. Polymers - Page 27, lines 19-22 and Example 

7. 

No new matter has been introduced. Entry of the 
amendment is requested. 

A set of formal drawings are submitted herewith in 
accordance with a telephone discussion with the Examiner. 
The drawings have been prepared based on the informal 
drawings filed with the present application. The 
descriptive matter in each figure has been removed to 
conform to rules of 37 CFR 1.81(g). No new matter has been 
introduced on the drawings. Entry of the drawings is 
requested. 
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The Examiner has indicated that claims 44-46 and 
48-54 are allowable, claim 47 is allowable if amended to 
correct the amino acid sequence and claims 55-64 is 
allowable if amended to recite the specified peptides. 

Claims 47 and 55-64 have been amended as suggested 
and the rejection of these claims under 35 U.S.C. §112, 
second paragraph as being indefinite has been overcome. 

The Examiner has rejected claims 1, 3, 5-6, 8-11, 
28, 30-33 and 35-43 under 35 U.S.C. §112 first paragraph, 
for failing to provide an enabling disclosure. 

An interview was had with the Examiner, who 
explained that the terms "analogues, segments, mixtures, 
conjugates and polymers" are overly broad. If these terms 
are narrowed by recitation of their specific 
immunoreactivity to antibodies to HCV with a specified 
relative immunoreactivity to the peptide, the rejection 
would be overcome. 

These claims have been narrowed to recite that the 
analogues and segments have specific immunoreactivity to HCV 
relative to the parent peptide of at least 20%, and the 
terms "mixtures, conjugates and polymers" have been now 
specifically defined. Support for this amendment is also 
shown in the specification. 

To further demonstrate that the analogues are 
effective and have specific immunoreactivities to antibodies 
to HCV, enclosed herewith is the Declaration by Dr. Chang Yi 
Wang, the inventor. The three experiments illustrate the 
effectiveness of the analogues which were described on Page 
27, lines 5-16 of the specification. 
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As amended, Claims 1, 3, 5-6, 8-11, 30-33, and 35- 
42 are allowable. 

The Examiner's courtesy and helpful suggestions 
during the interview is deeply appreciated. 

The claimed invention has proven to be commercially 
successful. Diagnostic test kits containing the claimed 
peptides have been approved and sold in Europe. Based on 
sales for the past few months, it has captured about 2 0% of 
the market in certain European countries for screening HCV 
in blood supplies. Approval from FDA is expected. 

It is the Applicant's position that the claims as 
amended are allowable and an early allowance is requested. 

Respectfully Submitted, 
MORGAN & FINNEGAN 



Mailing Address: 

MORGAN & FINNEGAN 

345 Park Avenue 

New York, New York 10154 

(212) 758-4800 

(212) 751-6849 Telecopier 




By: 




Marfr~c7H. Tin 
Registration No. 29,323 
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PATENT 

U.S.S.N. 07/558,799 

IN THE UNITED STATES PATENT AND TRAD EMARK OFFICE 

Applicant(s) : Chang Yi Wang 

Serial No. : 07/558,799 

Filed : July 26, 1991 . 

For : SYNTHETIC PEPTIDES SPECIFIC FOR THE 

DETECTION OF ANTIBODIES TO HCV, DIAGNOSIS 
OF HCV INFECTION AND PREVENTION THEREOF 
AS VACCINES 

Group Art Unit : 189 

Examiner L. Lee 

Hon. Commissioner of Patents and Trademarks 
Washington, D,C. 20231 

DECLARATION OF DR. C HANG Yl WANG 
I, Chang Yi Wang, declare: 

1. I am the named inventor of the above identified application. 

2. I received a Ph.D. degree in Immunology and Biochemistry 
from The Rockefeller University in 1979. 

3. I conceived the idea of using synthetic peptides as 
immunoreactive reagents specific for the detection of the presence of antibodies to 
hepatitis C virus (HCV) in body fluids for the diagnosis of non-A, non-B hepatitis 
(NANBH). 

4. My conception includes the use of analogues of the synthetic 

peptide. 

5. My conception is based on my knowledge that when an 
immunoreactive peptide for a particular virus has been identified through an extensive 





serological validation process, analogues of the immunoreactive peptide can be 
predictably synthesized based on corresponding protein regions of the varying 
isolates/strains of the particular virus. These analogues will contain insertions, 
deletions and substitutions of amino acids in the immunoreactive peptide to correspond 
to the different isolate/strain of the particular virus; yet will retain the specific 
immunoreactivity to antibodies to HCV. This was described in my application. 

6. The following analogue peptides were synthesized and tested in 
my laboratory under my direction and control. 

Example I 

Analogue peptides with the following amino acid (aa) sequences were 
synthesized using the classical Merrifield method of solid phase peptide synthesis. 
The aa sequences are based on the amino acid sequence of the envelope region of two 
strains of HCV, the PT and J4 strains. 

Peptide 245B (PT) : FTFSPRRHWTTQGCNCSIYPGHITGHRMAWDMMMNWSPTA 
Peptide 3 22 (J4) : FTFSPRRHETVQDCNCS I Y PGHLSGHRMAWDMMMNWS PTT 

The (:)s show where amino acid substitutions have been made. In this 
case six substitutions (15%) were made. 

Using six serum samples from patients previously diagnosed to have 
NANBH, an ELISA assay was conducted using Peptide 254B (PT) and its analogue 
Peptide 322 (J4) as the solid phase immunoadsorbent. The procedure described in 
Example I of the specification was used. 

The absorbance at 492 nm (OD 4Wn J was measured. 
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Table I 

QEwnro. 



Serum Code 


254B 


222 


NABI 2-6 


0.283 


0.294 


NABI 26 


0.396 


0.432 


NABI 33 


0.650 


1.139 


NABI 38 


1,915 


0.472 


NABI 41 


0.502 


0.527 


NABI 44 


0.800 


1.252 


UBI #6 


1.550 


2.219 


NABI 2-48 


3.599 


3.475 


% Relative Immunoreactivity: 








9.695 


9.810 




100 


101.2 



The specific immunoreactivity to HCV of the analogue relative to 
Peptide 254 was 101.2%. 

Example n 

Another pair of analogues were prepared and tested by ELISA 
according to the procedures described in the specification of the present application. 
These analogues contained aa sequences corresponding to the NS-4 region of HCV as 
follows: 

Peptide 204 H (IIIH) 

SGKPA , IIPDR, EVLYR, EFDEM , EECSQ , HLPYI , EGQMM , LAEQF , KQKAL , GL 
5!J • • • • • 

Peptide 3K204H' 

KKK , SGRPA , WPDR , ELLYQ , EFDEM , EECAS , HLPY I , EGQMQ , LAEQF , KQKAL , GL 
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There are eight aa (17%) substitutions and three lysine additions at the 

N-terminus. 

Using eight HCV Positive serum samples form patients ELISA assays 
using Peptide IIH and its analogue Peptide 3K204H' as solid phase 
immunoadsorbents, the OD 492nm were shown as follows: 

TABLE n 



492nm- 



Serum Code 
UBI #1 
UBI n 

ubi n 

UBI #4 
UBI #5 
UBI #6 
UBI #7 
UBI #8 

BG 
NRC 

% Relative Immunoreactivity: 



2Q4H 
2.242 
0.574 
3.250 
2.867 
0.739 
2.003 
2.235 
3.493 

0.022 
0.068 

17.403 
100 



KKK-2Q4H' 

2.859 

0.392 

3.074 

2.713 

0.186 

1.683 

2.211 

3.494 

0.024 
0.056 

16.612 
95.5 



The results showed the specific immunoreactivity to HCV of the 
analogue to HCV relative to Peptide IIH is 95.5%. 
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Example m 

An analogue of Pep 11 was synthesized and tested by ELISA according 
to the procedures described in the specification of the present application. The aa 
sequence of the analogue Peptide 309C compared with Pepli is as follows: 

Peptide 309C(Peptide 11): 

ARPDY , NPPLV , ETWKK , PDYEP , PWHG , CPLPP , PKS PP , VPPPR , KKRT 
• • • . 

Peptide 309C* 

ARPDY , NPPLI , ESWKD , PDYEP , PWHG , CPLPP , PKAPP , VPPPR , KKRT 

There are, therefore, four aa (-10%) substitutions in the sequence. The 
ELISA results for eight HCV positive serum samples are shown as follows: 



TABLE in 

QD492nm- 



Serum Code 


309C 


309C 


UBI #1 


0.323 


0.050 


ubi n 


0.024 


0.072 


UBI #3 


3.194 


3.163 


UBI U 


1.054 


1.679 


UBI #5 


0.576 


0.540 


UBI #6 


0.959 


1.325 


ubi m 


0.490 


0.933 


UBI #8 


3,796 


3.493 





gerurn Cpdg 



' 309C 



309C 



BG 



0.012 



0.002 



NRC 



0.017 



0.026 



% Relative Immunoreactivity: 



10.416 



11.255 



100 



108 



The specific immunoreactivity to HCV of the analogue relative to 
Pepll was 108%. 

I hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are found to be true, 
and further that these statements were made with the knowledge that willful, false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Tide 18 of The United States Code, and that such wilful, false 
statements may jeopardize the validity of the application, any patent issuing thereon. 



Date: 
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Remaining 
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Highest No. 
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Claims* 

Independent 
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Multiple 
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A DUPLICATE COPY OF THIS SHEET IS ATTACHED. 
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amendment, or credit any overpayment to Deposit Account No. 13-4500. Order No. 1151-4043 
A DUPLICATE COPY OF THIS SHEET IS ATTACHED. 



Includes all independent and single dependent claims and all claims referred to in multiple 
dependent claims. See 37 C.F.R. § 1.75(c). 
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Below is a communication from the EXAMINER in charge of this application 
COMMISSIONER OF PA TENTS AND TRADEMARKS 



1* 



THE PERIOD FOR RESPONSE: 

D is extended to run 

D continues to run 



ADVISORY ACTION 



. Irom the date of the Final Rejection 



. from the dale ol the Final Rejection 



expires three months from the date of the final rejection or as of the mailing date of this Advisory Action, whichever is later. In no 
event however, will the statutory period lor response expire later than six months from the date ol the final rejection. 



R 1.192(a). 



has been considered wilh the following affect, but it is not deemed to 



Any extension ot time must be obtained by filing a petition under 37 CFR 1.135(a), the proposed response and the appropriate 
fee. The date on which the response, Ihe petition, and the fee have been filed is ;he date of the response and also the date for the 
purposes ol determining the period of extension and the corresponding an.uunl of the fee. Any extension fee pursuant to 37 CFR 
1. 17 will be calculated from the date that the shortened statutory period for response expires as set forth above. 

D Appellant's Brief is due in accordance with 37 CFR 1.192(aj 

1jQ Applicant's response to the final rejection, file 
place the application in condition for allowance: 

1. *t$" The proposed amendments to the claim and/or specification will not be entered and the Imal rejection stands because: 

a. D There is no convincing showing under 37 CFR 1.116(b) why the proposed amendment is necessary and was not earlier 
presented. 

They raise new issues that would require further consideration and/or search. (Sec Note). 

c. ^^L They raise the issue ot new matter. (See Note). 

d. D They are not deemed to place the application in better form lor appeal by materially reducing or simplifying the issues for 



9o 



e. □ They present additional claims without cancelling a corresponding number of finally rejected claims. 

note: IrU rt*^ WU^*a^ y? S ^ ' a/o ts^k y V A bjttf&M, 

2. D Newly proposed or amended claims would be allowed if submitted in a separately filed amendment cancelling the 

non-allowable claims. ( 

3.i{5 Upon the filing of an appeal, the proposed amendment □ will be > Sf will not be, entered and the status of the claims In this 
^* application would be as follows: 

However; 

a. D The rejection of claims 

b. D The rejection ol claims 



on references is deemed to be overcome by applicant's response. 

on non-reference grounds only is deemed to be overcome by applicant's response. 



4. D The affidavit, exhibit or request for reconsideration has been considered but does not overcome the rejection. 

5. □ The affidavit or exhibit will not be considered because applicant has not shown good and sufficient reasons why it was not earlier 

presented. 

□ The proposed drawing correction □ has □ has not been approved by the examiner. 

□ Other 



USicllLLEt 
PRIMARY PATENT EXAMINER 




Hon. Commissioner of Patents and Trademarks 
Washington, D.C. 20231 



AMENDMENT AND RESPONSE PURSUANT to 35 C.F.R. 1.116 
AFTER ADVISORY ACTION 



Sir: 

This is submitted in response to the Advisory 
Action dated October 15, 1991. The original response period 
was set to expire on November 15, 1991. Therefore, no 
extension fee is required at this time. 

AMENDMENT 

Please amend claims 1, 3, 5, 6,8, 9, 30-33, and 
35-42. as follows: 




1 (Thrice Amended) . A peptide composition 
comprising a peptide selected from the group consisting of 
Peptide I to IX each pepjtide with an amino acid sequence as 
follows: 



Glu-Glu-Cys-Ser~Gln-His-Leu-Pro-Tyr-Ile- 
Glu-Gln-Gly-Met-Met-I^u-Ala-Glu-Gln-Phe- 
Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr- 
Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-X 

(Peptide I) 

( ii) \ ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg- 
Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met- 
Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile- 
Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe- 

vLys-Gln-Lys-Ala-Leu-Gly-Leu-X 

(Peptide II) 

(iii) C^-Val-Val-Ile-Val-Gly-Arg-Val-Val-Leu- 
-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg- 

Glu\Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met- 
Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-X 

(Peptide III) 

( iv) Ser-GlV-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg- 
Glu-ValVLeu-Tyr-Arg-Glu-Phe-Asp-Glu-Met- 
Glu-GluAcys-Ser-Gln-His-Leu-Pro-Tyr-Ile- 
Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-X 

(Peptide IV) 



(v) 



Lys-Gln-Lyi 
Ala-Ser-/ 
Ala-Val-Gln 
Thr-Phe-Trp 



-Ala-Leu-Gly-Leu-Leu-Gln-Thr- 
r Gln-Ala-Glu-Val-Ile-Ala-Pro- 
Phr-Asn-Trp-Gln-Lys-Leu-Glu- 
yla-Lys-His-Met-Trp-Asn-Phe-X 
(Peptide V) 



(vi) Glu-Gln-Gly-Me' 
Ly s-Gl n- Ly s -Al a\ 
Ala-ser-Arg-Gln 
Ala-Val-Gln-Thr 
Thr-X 



-Met-Leu-Ala-Glu-Gln-Phe- 
•Leu-Gly-Leu-Leu-Gln-Thr- 
Lla-Glu-Val-Ile-Ala-Pro- 
ksn-Trp-Gln-Lys-Leu-Glu- 

( Peptide VI) 



(vii) Pro-Gly-Ala-Leu-Vai-Val-Gly-Val-Val-Cys- 
Ala-Ala-Ile-Leu-ArgVArg-His-Val-Gly-Pro- 
Gly-Glu-Gly-Ala-Val-JGln-Trp-Met-Asn-Arg- 
Leu-Ile-Ala-Phe-Ala-^er-Arg-Gly-Asn-His- 
Val-Ser-Pro-X 

(Peptide VII) 



(viii) Ser-Thr-Ile-Pro-Lys-Pr<3rGln- 
Lys-Arg-Asn-Thr-Asn-Arg\Arg- 
Val-Lys-Phe-Pro-Gly-Gly-Gly- 
Gly-Gly-Val-Tyr-Leu-Leu-Pro- 
Pro-Arg-Leu-Gly-Val-Arg-A3 
Thr-Ser-Glu-Arg-Ser-Gln-Pi 
Arg-X 



and 



Arg-Lys-Thr- 
Pro-Gln-Asp- 
•Gln-Ile-Val- 
Arg-Arg-Gly- 
Thr-Arg-Lys- 
•Arg-Gly-Arg- 

(Peptide VIII) 



- 2 - 




( ix) Gly-Arg-Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg- 
Arg-Pro-Glu-Gly-Arg-Tyr-Trp-Ala-Gln-Pro- 
Gly-Tyr-Pro-Trp-Pro-Leu-Thr-Gly-Asn-Glu- 
Gly-Oys-Gly-Trp-Ala-Gly-Trp-Leu-Leu-Ser- 
Pro-Atg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro- 
Thr-Asjp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
Gly-X 

(Peptide IX) 



wherein X is -OH or -Nt 



and 



(x) 



a. an arialogue of each of the above peptides 
having anl amino acid sequence derived from a 
strain/ isolate of HCV in a region 
corresponding to the peptide and having 
specific iynmunoreactivity to antibodies to 
HCV relative to the peptide [of at least 20%] 
that is substantially preserved : 

b. a segment of each of the above peptides 
or analogue! thereof having specific 
inununoreactivity to antibodies to HCV 
relative to |the peptide of at least [20%] 
1.3%? 

c. a mixtur^ of the above peptides or 
analogues of |the peptides; 

d. a conjugate of each of the peptides with 
carrier proteins, the conjugate having 
specific immuAoreactivity to antibodies to 
HCV relative tio the peptide of at least [20%] 
1.3% : and 

e. a polymer (if each of the peptides 
comprising a branching dimer, tetraroer, or. 
octomer of the peptide on a mono, tri, or 
hepta lysine coile respectively. 
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3 (Thric^ Amended) . A peptide composition 
according to Claim wherein the peptide comprises a segment 
of Peptide II and he\s an amino acid sequence selected from 
the group consisting \of : 



(i) 



Cys-SeA-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly- 
Met-MetVLeu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly+Leu-X; 

(Peptide IIC) 



(ii) 



(iii) 



(iv) 



Asp-Glu-toet-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro- 
Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln- 
Phe-Lys-<mn-Lys-Ala-Leu-Gly-Leu-X; 

(Peptide IID) 

Leu-Tyr-Arta-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys- 
Ser-Gln-Hife-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met- 
Met-Leu-Al^-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu- 
Gly-Leu-X; . 

(Peptide HE) 

Pro-Asp-Arg^Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp- 
Glu-Met-Glu-\Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe- 
Lys-Gln-Lys-Ala-Leu-Gly-Leu-X ; 

1 (Peptide IIF) 

wherein X is -OH or -NH 2 and! an analogue of each of the 

above peptides having an amino acid sequence derived from a 

strain/isolate of HCV in a region corresponding to the 

peptide and having specific ikmunoreactivity to antibodies 

to HCV relative to the peptid^ [of at least 20%] tfrat is 

substantially preserved. 



K \sr (Thrice Amended) . A peptide composition 
according to Claim 1 wherein the peptide comprises a segment 
of Peptide III and has an amino acid sequence selected from 
the group consisting of: 

(i) Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu- 
Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu- 
Pro-Tyr-Ile-X; 

(Peptide IIIC) 
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(ii) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu- 
Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-X; 

1 (Peptide HID) 

(iii) Gly-Arg-Val-Val-Leu-Ser-Gly-Lys-Pro-Ala-Ile- 
Ile~Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro- 

Tyr-Ile-X; 

1 (Peptide HIE) 

wherein X is - OH or -NH 2 and an analogue of each of the 
above peptides having an amino acid sequence derived from a 
strain/isolate of HCV in a region corresponding to the 
peptide and having specific immunoreactivity to antibodies 
to HCV relative to the peptide [of at least 20%] that is 
substant ially preserved. 

£ ^ (Thrice Amended) . A peptide composition 
according to Claim ^wherein the peptide has an amino acid 
sequence as follows: 

Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-X ; 

(Peptide HID) 

wherein X is -OH or -NH 2 or [an] an analogue of the above 
peptide having an amino acid sequence derived from a 
strain/ isolate of HCV in a region corresponding to the 
peptide and having specific immunoreactivity to antibodies 
to HCV relative to the peptide [of at least 20%] tfrat is 
substanti ally preserved. 



^(Thrice Amended). A peptide composition 
according to Claim 1 wherein the peptide comprises a segment 
of Peptide VIII and has an amino acid sequence selected from 
the group consisting of: 
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( i) Thr-Lys-Arg-Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp- 
Val-Lys-Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val-Gly- 
Gly-Val-Tyr-Leu-Leu-Pro-Arg-Arg-Gly-Pro-Arg- 
Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu- 
Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-X; 

(Peptide VIIID) 

(ii) Asp-Val-Lys-Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val- 
Gly-Gly-Val-Tyr-Leu-Leu-Pro-Arg-Arg-Gly-Pro- 
Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser- 
Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-X? 

(Peptide VIIIC) 

(iii) Val-Gly-Gly-Val-Tyr-Leu-Leu-Pro-Arg-Arg-Gly- 
Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr- 
Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-X; 

(Peptide VIIIB) 

(iv) Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys- 
Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg- 
X; 

(Peptide VIIIA) 

wherein X is -OH or -NH 2 or an analogue of each of the above 
peptides having an amino acid sequence derived from a 
strain/isolate of HCV in a region corresponding to the 
peptide and having specific immunoreactivity to antibodies 
to HCV relative to the peptide [of at least 20%] that is 
substanti ally preserved. 



(Thrice Amended) . A peptide composition 
according to Claim 1 wherein the peptide comprises a segment 
of Peptide IX and has an amino acid sequence selected from 
the group consisting of: 



( i) ile-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Thr- 
Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- 
Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp-Leu- 
Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly- 
Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
Gly-X; 

(Peptide IXD) 

(ii) Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu- 
Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp- 
Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn- 
Leu-Gly-X; 

(Peptide IXC) 
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(iii) I^u-Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly- 
Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser- 
Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg- 
Asn-Leu-Gly-X; 

(Peptide IXB) 

(iv) Trp-Ala-Gly-Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser- 
Arg-Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg- 
Arg-Ser-Arg-Asn-Leu-Gly-X ; 

(Peptide IXA) 

wherein X is -OH or -NH 2 or an analogue of each of the above 
peptides having an amino acid sequence derived from a 
strain/isolate of HCV in a region corresponding to the 
peptide and having specific immunoreactivity to antibodies 
to HCV relative to the peptide [of at least 20%] that is 
substantially preserved. 

\*<f (Twice Amended) . A peptide composition 
according tH Claim 1 wherein the peptide has an amino acid 
sequence as follows: 



Ser-Thr^Pro-Lys-Pro-Gln-Gln-Arg-Lys-Thr-Lys-Arg- 
Asn-Thr->Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Gly-Gly-Giy-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Art-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-ThrYser-Glu-Arg-ser-Gln-Pro-Arg-Gly-Arg- 
Arg-X \ 



wherein X is -OH or -NH 2 \or an analogue [.] of the above 
peptide having an amino acid sequence derived from a 
strain/isolate of HCV in a reaion corresponding to the 
peptide, and having specific lWuno re activity to antibodies 
to HCV relative to the peptide fof at least 20%] that is 
substantially preserved ; and a segment of the above peptide 
having specific immunoreactivity to\antibodies to HCV 
relative to the peptide of at least [k*] 1.3% , 
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^(Twi\e Amended) . A peptide composition 
according to Claim \ wherein the peptide has an amino acid 
sequence as follows: 



Gly-Arg^rg-OTn-Pro-Ile-Pro-Lys-Val-Arg- 
Arg-Pro-Glu-GW-Arg-Thr-Trp-Ala-Gln-Pro- 
Gly-Tyr-Pro-Tri-Pro-Leu-Tyr-Gly-Asn-Glu- 
Gly-Cys-Gly-TrpVAla-Gly-Trp-Leu-Leu-Ser- 
Pro-Arg-Gly-Ser^rg-Pro-Ser-Trp-Gly-Pro- 
Thr-Asp-Pro-Arg-Arp^Arg-Ser-Arg-Asn-Leu- 
Gly-X; 




wherein X is -OH or -NH 2( ^rffnalogue[ . ] of the above 
peptide having an amino acid sequence derived from a 
strain/isolate of HCV in a regibn corresponding to the 
peptide, and having specific immunoreactivity to antibodies 
to HCV relative to the peptide [of ^at least 20%] that is 
substantially preserved ; and a segment of the above peptide 
or analogue thereof having specific im^unoreactivity to 
antibodies to HCV relative to the peptide of at least [20%] 
1-3% , 



3j&^(Twice Amended) . An ELISA test kit according 
to claim 28 wherein the solid phase is coated with a peptide 
composition comprising a segment of Peptide II and having an 
amino acid sequence selected from the group consisting of: 

(i) Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly- 
Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly-Leu-X; . 

(ii) Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro- 
Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln- 
Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X; 

(iii) Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys- 
Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met- 
Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu- 
Gly-Leu-X; 

( iv) Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp- 
Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 



Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe- 
Lys-Gln-Lys-Ala-Leu-Gly-Leu-X ; 

(v) ser-Gly-Lys-Pro-Ala-Ile-lle-Pro-Asp-Arg-Glu- 
Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly- 
Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly-Leu-X ; 

wherein X is -OH or -NH 2 , and an analogue of each of the 
above peptides having an amino acid sequence derived from a 
strain/isolate of HCV in a region corresponding to the 
peptide and having specific immunoreactivity to antibodies 
to HCV relative to the peptide [of at least 20%] that is 
substantially preserved. 

(Twice Amended). An ELISA test kit according to 
claim^TB wherein solid phase is coated with a peptide having 
an amino acid sequence: 

Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg- 
Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met- 
Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile- 
Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe- 
Lys-Gln-Lys-Ala-Leu-Gly-Leu-X ; 

wherein X is OH or -NH 2 and an analogue of the above peptide 

having an amino acid sequence derived from a strain/isolate 

of HCV in a region corresponding to the peptide and having 

specific immunoreactivity to antibodies to HCV relative to 

the peptide [of at least 20%] that is substantially 

preserved . 

J) 

y& (Twice Amended) . An ELISA test kit according to 
claim^^wherein the solid phase is coated with a peptide 
composition comprising a segment of Peptide III having an 
amino acid sequence selected from the group consisting of: 



(i) Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu- 
Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu- 
Pro-Tyr-Ile-X; 

(ii) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu- 
Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-X; 

(iii) Gly-Arg-Val-Val-Leu-Ser-Gly-Lys-Pro-Ala-Ile- 
Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro- 
Tyr-Ile-X; 

wherein X is -OH or -NH 2 and an analogue of each of the 
above peptides having an amino acid sequence derived from a 
strain/ isolate of HCV in a region corresponding to the 
peptide and having specific immunoreactivity to antibodies 
to HCV relative to the peptide [of at least 20%] that is 
substantially preserved. 



^rf* {Twice Amended). An ELISA test kit according to 

claim wherein the peptide is: 

(ii) Ser-Gly-Lys-Pro-Ala-Ile-lle-Pro-Asp-Arg-Glu- 
Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-X; 

wherein X is -OH or -NH 2 or an analogue of the above 

peptides having an amino acid sequence derived from a 

strain/isolate of HCV in a region corresponding to the 

peptide and having specific immunoreactivity to antibodies 

to HCV relative to the peptide [of at least 20%] that is 

substantially preserved . 



>6^(Twice Amended) . An ELISA test kit according to 

Claim ^tfQtiere in solid phase is coated with a peptide 

composition comprising a segment of Peptide VIII having an 

amino acid sequence selected from the group consisting of: 

( i ) Thr-Lys-Arg-Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp- 
Val-Lys-Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val-Gly- 
Gly-Val-Tyr-Leu-Leu-Pro-Arg-Arg-Gly-Pro-Arg- 
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Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu- 
Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-X; 

(ii) Asp-Val-Lys-Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val- 
Gly-Gly-Val-Tyr-Leu-Leu-Pro-Arg-Arg-Gly-Pro- 
Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser- 
Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-X ; 

(iii) Val-Gly-Gly-Val-Tyr-Leu-Leu-Pro-Arg-Arg-Gly- 
Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr- 
Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-X; 

( iv) Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys- 
Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg- 
X; 

wherein X is -OH or -NH 2 or an analogue of each of the above 
peptides having an amino acid sequence derived from a 
strain/isolate of HCV in a region corresponding to the 
peptide and having specific immunoreactivity to antibodies 
to HCV relative to the peptide [of at least 20%] that is 
substantially preserved . 

y$ (Twice Amended). An ELISA test kit according to 
Claim ^Gr'wherein solid phase is coated with a peptide 
composition comprising a segment of Peptide IX having an 
amino acid sequence selected from the group consisting of: 

(i) Ile-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Thr- 
Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- 
Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp-Leu- 
Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly- 
Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
Gly-X; 

(ii) Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu- 
Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp- 
Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn- 
Leu-Gly-X; 

, (iii) Leu-Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly- 

Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser- 
Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg- 
Asn-Leu-Gly-X; 

(iv) Trp-Ala-Gly-Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser- 
Arg-Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg- 
Arg-Ser-Arg-Asn-Leu-Gly-X; 



- 11 - 





wherein X is -OH or -NH 2 or an analogue of each of the above 
peptides having an amino acid sequence derived from a 
strain/isolate of HCV in a region corresponding to the 
peptide and having specific immunoreactivity to antibodies 
to HCV relative to the peptide [of at least 20%] that is 
substanti a J ly preserved. 

n 

jV^Twice Amended) . An ELISA test kit according to 
Claim^wSterein the solid phase is coated with a peptide 
composition \pmprising a peptide having an amino acid 
sequence as follows: 

Ser-Thr-\le-pro-Lys-Pro-Gln-Arg-Lys-Thr- 
Lys-Arg-Akn-Thr-Asn-Arg-Arg-Pro-Gln-Asp- 
Val-Lys-PhW-Pro-Gly-Gly-Gly-Gln-Ile-Val- 
Gly-Gly-ValrTyr-Leu-Leu-Pro-Arg-Arg-Gly- 
Pro-Arg-Leu\Gly-Val-Arg-Ala-Thr-Arg-Lys- 
Thr-Ser-Glu-^rg-Ser-Gln-Pro-Arg-Gly-Arg- 

Arg-X 

wherein X is -OH or -Nit or an analogue of the above peptide 
having an amino acid sequence derived from a strain/ isolate 
of HCV in a region corresponding to the peptide, and having 
specific immunoreactivity tf? antibodies to HCV relative to 
the peptide [of at least 20%\ t n wt 1" substantially 
preserved ; and a segment of trie above peptide or analogue 



thereof having specific immunoreactivity to antibodies to 
HCV relative to the peptide of aii least [20%] X±2±. 

^'(Twice Amended) . An ELISA test kit according to 
Claim^Lherein the solid phase is coated with a peptide 
composition comprising a peptide having an amino acid 
sequence as follows: 

Gly-Arg-Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg- 
Arg-Pro-Glu-Gly-Arg-Thr-Trp-Ala-Gln-Pro- 
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Gly-Tyr-Pro-Trp-Pro-Leu-Tyr-Gly-Asn-Glu- 
Gly-Cys-Gly-Trp-Ala-Gly-Trp-Leu-Leu-Ser- 
Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro- 
Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
Gly-X? 

wherein X is -OH or -NH 2 and an analogue of each of the 
above peptides having an amino acid sequence derived from a 
strain/isolate of HCV in a region corresponding to the 
peptide and having specific iimnunoreactivity to antibodies 
to HCV relative to the peptide [of at least 20%] that is 
substantially preserved . 



'(Twice Amended) . An ELISA test kit according to 
Claim ^2«H/herein the solid phase is coated with a peptide 
composition comprising a mixture of Peptides IIH and V, 
Peptides IIH and V having the following amino acid sequences 
respectively: 

(i) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu- 
Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly- 
Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly-Leu-X (IIH) 

(ii) Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala- 
Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val- 
Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp- 
Ala-Lys-His-Met-Trp-Asn-Phe-X ; (V) 

wherein X is -OH or -NH 2 or an analogue of each of the above 

peptides having an amino acid sequence derived from a 

strain/isolate of HCV in a region corresponding to the 

peptide and having specific immunoreactivity to antibodies 

to HCV relative to the peptide [of at least 20%] that is 

substantially preserved . 

(Twice Amended). An ELISA test kit according to 
Claim^2-8~ wherein the solid phase is coated with a peptide 
composition comprising a mixture of Peptides IIF, HID and 
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V, Peptide IIF, HID and V having the following amino acid 
sequences respectively: 

( i) Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp- 
Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe- 
Lys-Gln-Lys-Ala-Leu-Gly-Leu-X ; (IIF) 

(ii) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu- 
Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-X; (HID) 

(iii) Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala- 
Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val- 
Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp- 
Ala-Lys-His-Met~Trp-Asn-Phe-X; (V) 

wherein X is -OH or -NH2 or an analogue of each of the above 

peptides having an amino acid sequence derived from a 

strain/isolate of HCV in a region corresponding to the 

peptide and having specific immunoreactivity to antibodies 

to HCV relative to the peptide [of at least 20%] that is 

substantially preserved . 



(Twice Amended) . An ELISA test kit according to 
Claim^etfvherein the solid phase is coated with a peptide 
composition comprising a mixture of Peptides IIH, V and 
VIIIE, Peptide IIH, V and VIIIE having the following amino 
acid sequences respectively: 

(i) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu- 
Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly- 
Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly-Leu-X; " (IIH) 

( ii ) Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala- 
Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val- 
Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp- 
Ala-Lys-His-Met-Trp-Asn-Phe-X ; ( V) 

(iii) Ser-Thr-Ile-pro-Lys-Pro-Gln-Arg-Lys.Thr-Lys- 
Arg-Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys- 
Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val- 
Tyr-Leu-Leu-Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly- 
Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu-Arg-Ser- 
Gln-Pro-Arg-Gly-Arg-Arg-X; (VIIIE) 
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wherein X is -OH or -NH2 or [an] an analogue of each of the 
above peptides having an amino acid sequence derived from a 
strain/isolate of HCV in a region corresponding to the 
peptide and having specific immunoreactivity to antibodies 
to HCV relative to the peptide [of at* least 2 0%] that is 
substantia; JLy preserved. 



^2^(Ywice Amended) . An ELISA test kit according to 
Claim ^2^where\Ln the solid phase is coated with a peptide 
composition comprising a mixture of Peptides VIIIE and IXD 
Peptide VIIIE and\lXD having the following amino acid 
sequences respectively 

( i) Ser-T^hr-Ile-pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys- 
Arg-Asji-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys- 
Phe-Pr«D-Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val- 
Tyr-LeuVLeu-Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly- 
Val-Arg^Ala-Thr-Arg-Lys-Thr-Ser-Glu-Arg-Ser- 
Gln-Pro-Xrg-Gly-Arg-Arg-X ; (VIIIE) 

( ii) Gly-Arg-Ara-Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg- 
Pro-Glu-Gl*-Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr- 
Pro-Trp-ProVLeu-Tyr-Gly-Asn-Glu-Gly-Cys-Gly- 
Trp-Ala-Gly-yrp-Leu-Leu-Ser-Pro-Arg-Gly-Ser- 
Arg-Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg- 
Arg-Ser-Arg-Aten-Leu-Gly-X; ( IXD) 

wherein X is -OH or -NH 2 and an analogue of each of the 

above peptides having an amino ^acid sequence derived from a 

strain/ isolate of HCV in a region corresponding to the 

peptide; and having specific immunoreactivity to antibodies 

to HCV relative to the peptide [of Nat least 20%] that is 

substantially preserved ; a segment 01^ each of the above 

peptide or analogue thereof having specific immunoreactivity 

to antibodies to HCV relative to the peptide of at least 

[20%] 1.3% . 
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REMARKS 

Claims 1, 3, 5, 6, 8, 9, 30-33, 35-42 and 47 to 
delete the limitation of "at least 20%" and insert the 
limitation "substantially preserved" for peptide analogues 
and "at least 1.3%" for peptide segments. Support for the 
amendment can be found in the specification for the 
amendment on Table 1, page 31; Table 7, page 32 and Table 2, 
page 40. 

No new matter has been introduced. Entry of the 
amendment is requested. 

The Examiner has issued an Advisory Action 
indicating that claims 44-46 and 48-54 are allowed. 

The Examiner has rejected claims 1, 3, 5-6, 8-11, 
28, 30-33, 35-43, 47 and 55-64. The reason for the 
rejection is stated as: 

The new limitation as an immunoreactivity 
to antibodies to HCV relative to the 
peptide of at least 20% and the polymer 
definition appear to be new matter. 

A telephone interview was had with the Examiner. 

Applicant pointed out that the % relative 
immunoreactivity to antibodies to HCV of the segments are 
presented in Table 1 on page 31, Table 7 on page 32, and 
Table 2 on page 40. The range of relative 
immunoreactivities for various segments were described. 

The relative immunoreactivities for: Peptide I 
segments are 3.0 to 45.6%; Peptide II segments are 3.1 to 
101%; Peptide III segments 4 . 9 to 100%; Peptide VI segments 
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are 3.9 to 54.8%; Peptide V segments are 1.3 to 93.9%; 
Peptide VIII segments are 27.5 to 98.6% and Peptide IX 
segments are 23.8 to 49.5%. 

Therefore, the range of relative immunoreactivities 
for the peptide segments ranged from 1.3 to 101%. 
Therefore, the limitation of at least 20% should not be 
considered new matter. However, the Examiner pointed out 
that at least 20% is not recited in haec verba, and suggest 
that the claims be amended to recite at least 1.3%. Per the 
Examiner's suggestions, Claims 1, 3, 5, 6, 8, 9, 30-33 and 
35-42 have been so amended. The rejection is, therefore, 
moot. 

The definition of analogues in the claims has been 
amended to recite that an analogue has an amino acid 
sequence corresponding to the peptide and has specific 
immunoreactivity to antibodies to HCV relative to the 
peptide that is substantially preserved. 

Such substitutions, deletions and insertions for 
analogs were described on page 6-7 and page 27 of the 
specification. Moreover, pages 12-16 state that in such 
analogues the immunoreactivity recognizable by the 
antibodies to HCV is preserved. This assertion is proven by 
the Declaration of Dr. Chang Yi Wang submitted with the 
response of September 26, 1991. Therefore, no new mater is 
presented by the amendment. 

The Examiner also objected to the definition of the 
polymer in Claim 1 as new matter. 

Applicant wish to point out that in Example 7, the 
poly lysine core type polymers were described specifically. 
In fact, on page 58, at lines 18-24 these polymers and how 




they are made are specifically disclosed. The specification 
states : 

Thus, sequential propagation of Boc-Lys 
(Boc) will generate 2 n reactive ends. The 
first level coupling of Boc-Lys (Boc) will 
produce two reactive amino ends as a 
bivalent carrier. The sequential 
generations of a second and third step with 
Boc-Lys (Boc) will produce carriers 
containing from (tetra-valent) , and eight 
(octa-valent) reactive amino ends to which 
peptide antigens are attached. 

These particular dlmeric, tetrametic and octameric 
polymers on a mono, tri or hepta lysine core being described 
specifically, no new matter can said to be presented by the 
definition of polymers of the peptide in claim 1. 

Based on this description, it cannot be said that 
the definition of polymer in claim 1 presents new matter. 
Therefore, the rejection of claim 1 on this ground should be 
withdrawn. 

The Examiner indicated that the proposed amendment 
of September 26, 1991 will not be entered. Applicant hereby 
request that in view of the present amendment and the 
showing that no new matter has been presented, the 
amendments of September 26, 1991 amended hereby be entered. 

Applicant also wish to point out that amendment of 
Claims 47, 55-64 where only to insert the correct or missing 
amino acid sequences and should be entered and allowed. The 
amendments were suggested by the Examiner and no new reasons 
were stated for rejection of these claims. It is believed 
that it was merely an oversight and that the claims 47 and 
55-64 as amended are allowable. 

The Examiner's courtesy and helpful suggestions 
during the telephone interview is deeply appreciated, 
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It is the Applicant's position that the claims as 



amended are allowable and an early allowance is requested. 
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to 35 C.F.R. 1.116 AFTER ADVISORY ACTION 



Sir: 

This is to supplement the Amendment and Response 
submitted on October 28, 1991. The original response period 
was set to expire on November 15, 1991. Therefore, no 
extension fee is required at this time. 



AMENDMENT 

Please amend claims 1, 3, 10, 11, 37 and 4 2 and 
add new claim 62 as follows: 



1 (Fourth Amendment) . A peptide composition 
comprising a peptide selected from the group consisting of 



Peptide I . Ill to IX\ each peptide with an amino acid 
sequence as follows: 



and 



(i) Glu-GluVcys-Ser-Gln-His-Leu-Pro-Tyr-Ile- 
Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe- 
Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr- 
Ala-ser-i&g-Gln-Ala-Glu-Val-Ile-Ala-Pro-X 

(Peptide I) 

[ ( ii) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg- 
Glu-Val-LeuVTyr-Arg-Glu-Phe-Asp-Glu-Met- 
Glu-Glu-CysVSer-Gln-His-Leu-Pro-Tyr-Ile- 
Glu-Gln-Gly^et-Met-Leu-Ala-Glu-Gln-Phe- 
Lys-Gln-Lys-Ala-Leu-Gly-Leu-X 

(Peptide II)] 

(ii[i]) Cys-Val-Val-lle-Val-Gly-Arg-Val-Val-Leu- 
Ser-Gly-Lys-Pito-Ala-Ile-Ile-Pro-Asp-Arg- 
Glu-Val-Leu-Tyt-Arg-Glu-Phe-Asp-Glu-Met- 
Glu-Glu-Cys-Seri-Gln-His-Leu-Pro-Tyr-Ile-X 

(Peptide III) 

( [ iv] iii ) Ser-Gly-Lys-Pro-^la-Ile-Ile-Pro-Asp-Arg- 
Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met- 
Glu-Glu-Cys-Ser-aln-His-Leu-Pro-Tyr-Ile- 
Glu-Gln-Gly-Met-Ifet-Leu-Ala-Glu-Gln-Phe-X 

(Peptide IV) 

(iv) Lys-Gln-Lys-Ala-Lefo-Gly-Leu-Leu-Gln-Thr- 
Ala-Ser-Arg-Gln-Ald-Glu-Val-Ile-Ala-Pro- 
Ala-Val-Gln-Thr-AsnV-Trp-Gln-Lys-Leu-Glu- 
Thr-Phe-Trp-Ala-LysAHis-Met-Trp-Asn-Phe-X 

(Peptide V) 

(v[i]) Glu-Gln-Gly-Met-Met-Aeu-Ala-Glu-Gln-Phe- 
Lys-Gln-Lys-Ala-Leu-GVLy-Leu-Leu-Gln-Thr- 
Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro- 
Ala-Val-Gln-Thr-Asn-Ti\p-Gln-£ys-Leu-Glu- 
Thr-X 

(Peptide VI) 

( vi [ i ] ) Pro-Gly-Ala-Leu-Val-Val Ady-Val-Val-Cys- 
Ala-Ala-Ile-Leu-Arg-Arg-His-Val-Gly-Pro- 
Gly-GluHny-Ala-Val-Gln-ttrp-Met-Asn-Arg- 
Leu-Ile-Ala-Phe-Ala-Ser-AYg-Gly-Asn-His- 
Val-Ser-Pro-X 

(Peptide VII) 

(vii [ i ] ) Ser-Thr-Ile-Pro-Lys-Pro-GlnVArg-Lys-Thr- 
Lys-Arg-Asn-Thr-Asn-Arg-ArgVPro-Gln-Asp- 
Val-Lys-Phe-Pro-Gly-Gly-GlyiGln-Ile-Val- 
Gly-Gly-Val-Tyr-Leu-Leu-Pro-Arg-Arg-Gly- 
Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys- 
Thr-Ser-Glu-Arg-Ser-Gln-Pro-i^rg-Gly-Arg- 
Arg-X 

(peptide VIII) 
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f fixl viii l Gly-Arg-Arg-Gln-Prp^rTe^ro-Lys-Val-Arg- 
Arg-pVoHnu-Gly-Ar&-Typ^rp-Ala-Gln-Pro- 
Gly-Tw-Pro-Trp-ProNg^-Thr-Gly-Asn-Glu- 
Gly-Cys-Gly-Trp-Ala^ly-Trp-Leu-Leu-Ser- 
Pro-ArgVGly-Ser-Arg-Pro-Ser-Trp-Gly-Pro- 
Thr-AspAPro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
Gly-X 

(Peptide IX) 
wherein X is -OH or -NH ? ? Sand 



(ix) a. an analogue of each of the above peptides 

having an amirip acid sequence derived from a 
strain/isolate \of HCV in a region 
corresponding to the peptide and having 
specific immunoreactivity to antibodies to 
HCV relative to tiie peptide that is 
substantially preserved; 

b. a segment of each of the above peptides 
or analogue thereof waving specific 
immunoreactivity to ahtibodies to HCV 

relative to the peptide of at least 

r/ft (61% 

c. a mixture of the abbve peptides or 
analogues of the peptide 

d. a conjugate of each 6\f the peptides with 
carrier proteins, the conjugate having 
specific immunoreactivity tip antibodies to 
HCV relative to the peptide ^f at least 
fl.3%1 17.8% : and 

e. a polymer of each of the peptides 
comprising a branching dimer, t^etramer, or 
octomer of the peptide on a mono^ tri, or 
hepta lysine core respectively. 



3 (Thrice Amended) . A peptide composition 
according to claim [1]£2 wherein the peptide comprises a 
segment of Peptide II and has an amino acid sequence 
selected from the group consisting of: 

( i) cys-Ser-Gln-His-I^u-Pro-Tyr-Ile-Glu-Gln-Gly- 
Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly-Leu-X; . 

(Peptide IIC) 

( ii ) Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro- 
Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln- 
Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X; 

(Peptide IID) 

(iii) Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys- 
Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met- 
Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu- 
Gly-Leu-X; 

(Peptide HE) 

(iv) Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp- 
Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe- 
Lys-Gln-Lys-Ala-Leu-Gly-Leu-X ; 

(Peptide IIF) 

wherein X is -OH or -NH 2 and an analogue of each of the 
above peptides having an amino acid sequence derived from a 
strain/ isolate of HCV in a region corresponding to the 
peptide and having specific immunoreactivity to antibodies 
to HCV relative to the peptide that is substantially 
preserved. 




r (Thrice Amended^'. A peptide composition 
according to Claim 1 wherein fyie peptide has an amino acid 
sequence as follows: 



Ser-Thr-Pro-Lys-Pro-Gln-teln-Arg-Lys-Thr-Lys-Arg- 
Asn-Thr-Asn-Arg-Arg-Pro-G\n-Asp-val-Lys-Phe-Pro- 
Gly-Gly-Gly-Gln-Ile-Val-GlV-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro-Arg-LeuVGly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Sernnu-Arg-Ser^ln-Pro-Arg-Gly-Arg- 
Arg-X 
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wherein X is -OH or -N*k or an analogue of the above 
peptide having an amino \acid sequence derived from a 
strain/ isolate of HCV in V region corresponding to the 
peptide, and having specific immunoreactivity to antibodies 
to HCV relative to the peptide that is substantially 
preserved; and a segment of t^e above peptide having 
specific immunoreactivity to antibodies to HCV relative to 
the peptide of at least [1.3%1 l\.8% . 



(Thrice Amended) . A peptide composition 
according to Claim 1 wherein the peptide has. an amino acid 
sequence as follows: 

Gly-Arg-Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg- 
Arg-Pro-Glu-Gly-Arg-Thr-Trp-Ala-Gln-Pro- 
Gly-Tyr-Pro-Trp-Pro-Leu-Tyr-Gly-Asn-Glu- 
Gly-Cys-Gly-Trp-Ala-Gly-Trp-Leu-Leu-Ser- 
Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro- 
Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
Gly-X; 

wherein X is -OH or -NH 2 an analogue of the above peptide 
having an amino acid sequence derived from a strain/isolate 
of HCV in a region corresponding to the peptide, and having 
specific immunoreactivity to antibodies to HCV relative to 
the peptide that is substantially preserved; and a segment 
of the above peptide or analogue thereof having specific 
immunoreactivity to antibodies to HCV relative to the 

y h M % 
peptide of at least fl.3%1 17.6% . 





■7(Thrice Amended) . An ELISA test kit according 
to Claim ^8" ; wherein the solid phase is coated with a peptide 
composition comprising a peptide having an amino acid 
sequence as follows: 
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Ser-Thr-Ile-pro-Lys-Pro-Gln-Arg-Lys-Thr- 
Lys-Arg-Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp- 
Val-Lys-Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val- 
Gly-Gly-Val-Tyr-Leu-Leu-Pro-Arg-Arg-Gly- 
Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys- 
Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 
Arg-X 



wherein X is -OH or -NH 2 or an analogue of the above peptide 



having an amino acid sequence derived from a strain/ isolate 



of HCV in a region corresponding to the peptide, and having 



specific immunoreactivity to antibodies to HCV relative to 
the peptide that is substantially preserved; and a segment 
of the above peptide or analogue thereof having specific 
immunoreactivity to antibodies to HCV relative to the 



,>^*1(Thrice Amended) . An ELISA test kit according 



composition comprising a mixture of Peptides VIIIE and IXD, 
Peptide VIIIE and IXD having the following amino acid 
sequences respectively: 



( i ) Ser-Thr-Ile-pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys- 
Arg-Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys- 
Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val- 
Tyr-Leu-Leu-Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly- 
Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu-Arg-Ser- 
Gln-Pro-Arg-Gly-Arg-Arg-X ; ( VI I IE ) 

(ii) Gly-Arg-Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg- 
Pro-Glu-Gly-Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr- 
Pro-Trp-Pro-Leu-Tyr-Gly-Asn-Glu-Gly-Cys-Gly- 
Trp-Ala-Gly-Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser- 
Arg-Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg- 
Arg-Ser-Arg-Asn-Leu-Gly-X; (IXD) 



wherein X is -OH or -NH 2 and an analogue of each of the 
above peptides having an amino acid sequence derived from a 
strain/isolate of HCV in a region corresponding to the 
peptide, and having specific immunoreactivity to antibodies 
to HCV relative to the peptide that is substantially 



peptide of at least n.3%117 





solid phase is coated with a peptide 



4 



(0 



preserved; a segment of each of the above peptide or 
analogue thereof having specific immunoreactivity to 
antibodies to HCV relative to the peptide of at least 
f 1.3%) 17.8% J 



/ 

Please add claim 62. 



.' ^>2*f^v^ peptide composition comprising Peptide II 

having an amino acid sequence as follows: 

(ii) • Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg- 
Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met- 
Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile- 
Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe- 
Lys-Gln-Lys-Ala-Leu-Gly-Leu-X 

(Peptide II) 

and an analogue thereof having an amino acid sequence 
derived from a strain/isolate of HCV in a region 
corresponding to said peptide and having specific 
immunoreactivity to HCV relative to said peptide that is 
substantially preserved. 



REMARKS 

Claims 1, 3, 10, 11, 37 and 42 have been amended. 
The lower limitation of "at least 1.3%" is deleted and "at 
least 17.8%" for the peptide segments has been inserted. 
Support for the amendment can be found in the specification 
for the amendment on Table 1, page 31 and page 20 lines 21- 
22 of the specification and Figs. 1-1 to 1-4 in the 
drawings. Peptide II has been deleted from claim 1 and 
rewritten as claim 62. 

No new matter has been introduced. Entry of the 
amendment is requested. 

The Examiner has issued an Advisory Action 
indicating that claims 44-46 and 48-54 are allowed. 

- 7 - 




The Examiner has rejected claims 1, 3, 5-6, 8-11, 
28, 30-33, 35-43, 47 and 55-61. The reason for the 
rejection is stated as: 

The new limitation as an immunoreactivity 
to antibodies to HCV relative to the 
peptide of at least 20% and the polymer 
definition appear to be new matter. 

A second telephone interview was had with the 
Examiner. 

Applicant pointed out that the % relative 
immunoreactivity to antibodies to HCV of the segments are 
presented in Table 1 on page 31, Table 7 on page 32, and 
Table 2 on page 40. The range of relative 
immunoreactivities for various segments were described. 

The relative immunoreactivities for: Peptide I 
segments are 3.0 to 45.6%; Peptide II segments are 3.1 to 
101%; Peptide III segments 4.9 to 100%; Peptide VI segments 
are 3.9 to 54.8%; Peptide V segments are 1.3 to 93.9%; 
Peptide VIII segments are 27.5 to 98.6% and Peptide IX 
segments are 23.8 to 49.5%. However, on Table 1 and Figs. 
1-1 to 1-4, certain epitopes have been underscored to show 
the degree of relative immunoreactivity that is contributed 
by the epitopes in the segments. According to the 
specification, page 20 lines 21-22, certain segments show 
marginal immunoreactivity when such epitopes are included in 
the peptide segment. 

Based on this, the range of meaningful relative 
immunoreactivities for the peptide segments ranged from 17.8 
to 101%. Therefore, the limitation of at least 17.8% should 
not be considered new matter. Applicant wishes to claim 
only those peptides which contain epitopes which contribute 
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meaningful immunoreactivity , which would be recognized by 
persons of skill in the art as being useful. It is believed 
that no new matter is presented by the Amendment. 
Therefore, rejection is now moot. 

Peptide II has now been deleted from claim 1 and 
rewritten as claim 62. This is because only certain 
segments and analogues of Peptide II are desired to be 
claimed. See claim 3. No new matter is presented and claim 
62 should be allowable. 

The remaining rejections were responded to in the 
Amendment and Response filed October 28, 1991. 

The Examiner ! s courtesy and helpful suggestions 
during the telephone interview is deeply appreciated. 

It is the Applicants position that the claims as 
amended are allowable and an early allowance is requested. 

Respectfully Submitted, 
MORGAN & FINNEGAN 



Dated: November 5, 1991 By: 



Mailing Address: 

MORGAN & FINNEGAN 

345 Park Avenue 

New York, New York 10154 

(212) 758-4800 

(212) 751-6849 Telecopier 
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Registration No. 29,323 
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NOTICE OF ALLOWABILITY 



PART 

1. E 

2. fe 



This communication is responsive to , 

All the claims being allowable, PROSECUTION ON THE MERITS IS itA REMAINS) CLOSED in this application. It not included 
herewith (or previously mailed), a Notice Of Allowance And Issue Fee Due or other appropriate communication wilt be sent in due 
course. 3 - , f } f ^ JTV-^ Q ^ 

S.^fB The allowed claims are f . Jg> 3 . ^ > £ ^ J S1-jLs£| ^ J 

The drawings filed on ft/ 30 P 1 are acceptable. 



Acknowledgment is made of the claim for priority under 35 U.S.C. 119. The certified copy has U been received. [-] not been 
received. U) been filed in parent application Serial No , . filed on — 

6. "6 Note the attached Examiner's Amendment. 

7. (S- Note the attached Examiner Interview Summary Record, PTOL-413. 

8. O Note the attached Examiner's Statement of Reasons lor Allowance. 

9. □ Note the attached NOTICE OF REFERENCES CITED, PTO-892. 

10. □ Note the attached INFORMATION DISCLOSURE CITATION, PTO-H49, 



PART II. 

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set to EXPIRE THREE MONTHS 
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1. D Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION. PTO-152. which discloses that the oath 

or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED. 

2. □ APPLICANT MUST MAKE THE DRAWING CHANGES INDICATED BELOW IN THE MANNER SET FORTH ON THE REVERSE SIDE 

OF THIS PAPER. 

a. □ Drawing informalities are Indicated on the NOTICE RE PATENT DRAWINGS, PTO-948. attached hereto or lo Paper No. 

CORRECTION IS REQUIRED. 

b. □ The proposed drawing correction filed on has been approved by the examiner. CORRECTION IS 

REQUIRED. 

c. □ Approved drawing corrections are described by the examiner in the attached EXAMINER'S AMENDMENT. CORRECTION IS 

REQUIRED. 

d. D Formal drawings are now REQUIRED. 
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Examiner's Amendment 



As per the telephone communication with applicant's 
attorney, Maria Lin, on November 18, 1991, the following 
extension of time and amendments to the claims were authorized: 

This is a petition for an extension of time to December 15, 
1991 please charge the fee for the extension of time to Deposit. 
Account No. 13-4500. This extension of time is for order No. 
1151-4043. 



Claim 1, line 71- the term "up to 101% " has been inserted 
after "17.8% M . / 



Claim 11, line 18- the term "up to .101%" has been inserted 
after "17.8%". y 



Claim 37, line 18- the term "up to 101%" has been inserted 
after "17.8%". y 

Claim 42, line 26- the term "up to 101%" has been inserted 
after "17.8%". 



In the claims 
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U.S. S.N. 07/538,799 



IN THE' UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant (s) : Wang, Chang Yi 
Serial No. : 07/558,799 

Filed : July 26, 1991 

For : SYNTHETIC PEPTIDES SPECIFIC FOR THE DETECTION 

OF ANTIBODIES TO HCV, DIAGNOSIS OF HCV 
INFECTION AND PREVENTION THEREOF AS VACCINES 

Group : 189 

Examiner : Lester Lee 



Honorable Commissioner of 
Patents & Trademarks 
Washington, DC 20231 



AMENDMENT PURSUANT TO 37 C.F.R. § 1.312 



Sir: 

Prior to the payment of the issue fee, applicant 
submits this amendment. 



AMENDMENT 



Please amend Claims 1, 10, 59, 60 and 61 as follows: 



1 (Fifth Amendment) . A peptide composition comprising a 
peptide selected from the group consisting of Peptide I, III to 
IX, each peptide with an amino acid sequence as follows: 



(i) 



Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile- 
Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe- 
Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr- 
Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-X 
(Peptide I) 



-Express Mail No. : GB301069659US - 



(ii) Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val-Leu- 
Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met- 
Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-X 

(Peptide III) 

(iii) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg- 
Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met- 
Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile- 
Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-X 

(Peptide IV) 

( iv) Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr- 
Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro- 
Ala-Val-Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu- 
Thr-Phe-Trp-Ala-Lys-His-Met-Trp-Asn-Phe-X 

(Peptide V) 

(v) Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe- 
Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr- 
Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro- 
Ala-Val-Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu- 
Thr-X 

(Peptide VI) 

(vi) Pro-Gly-Ala-Leu-Val-Val-Gly-Val-Val^Cys- 
Ala-Ala-Ile-Leu-Arg-Arg-His-Val-Gly-Pro- 
Gly-Glu-Gly-Ala-Val-Gln-Trp-Met-Asn-Arg- 
Leu-Ile-Ala-Phe-Ala-Ser-Arg-Gly-Asn-His- 
Val-Ser-Pro-X 

(Peptide VII) 

(vii) Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-Lys-Thr- 
Lys-Arg-Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp- 
Val-Lys-Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val- 
GlyHUy-Val-Tyr-Leu-Leu-Pro-Arg-Arg-Gly- 
Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys- 
Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 
Arg-X 

(Peptide VIII) 

(viii) ^ Gly-Arg-Arg-Gln-Pro-^rle-Pr^-Lys-Val-Arg- 

Arg-Pro-Glu-Gly-Arc^-T^r-Tr^-Ala-Gln-Pro- 
VGly-Tyr-Pro-Trp-Pr^e^j^r-Gly-Asn-Glu- 
Gly-Cys-Gly-Trp-Ala^fy^Trp-Leu-Leu-Ser- 
Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro- 
Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
Gly-X 

(Peptide IX) 

wherein X is -OH or -NH 2 ; and 

(i*) a » an analogue of each of the above peptides 

having an amino acid sequence derived from a 
strain/isolate of HCV in a region corresponding to 
the peptide and having specific immunoreactivity 
to antibodies to HCV relative to the peptide that 
is substantially preserved; 



and 



2 




\ 


b; a segment of each of the above peptides or 
analogue thereof having specific immunoreactivity 
to antibodies to HCV relative to the peptide of at 
least 17,8% up to 101%; 

c. a mixture of the above peptides or analogues 
of the peptides; 

d. a conjugate of each of the peptides with 
carrier proteins, the conjugate having specific 
immunoreactivity to antibodies to HCV relative to 
the peptide of at least 17.8% up to 101%; and 

e. a polymer of each of the peptides comprising a 
branching dimer, tetramer, or octomer of the 
peptide on a mono, tri, or hepta lysine core 
respectively. 


i 


3^ (Fourth Amendment). A peptide composition according 
to Claim 1 wherein the peptide has an amino acid sequence as 
follows: 

Ser-Thr-Pro-Lys-Pro-Gln-Gln-Arg-Lys-Thr-Lys-Arg-Asn- 
Thr-Asn-Arg-Arg-Pro-Gln-Asp-val-Lys-Phe-Pro-Gly-Gly- 
Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu-Pro-Arg-Arg- 
Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser- 
Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-X 

wherein X is -OH or -NH 2> or an analogue of the above peptide 
having an amino acid sequence derived from a strain/isolate of 
HCV in a region corresponding to the peptide, and having specific 
immunoreactivity to antibodies to HCV relative to the peptide 
that is substantially preserved; and a segment of the above 
peptide having specific immunoreactivity to antibodies to HCV 
relative to the peptide of at least 17.8% up to 101%. 




(Twice Amended) . An ELISA test kit for the 
detection of antibodies to HCV or NANBHV or the diagnosis of HCV 
or NANBHV infection comprising: 

3 



(i) [wherein the] a solid phase coated with a 
peptide composition [comprises] comprising a 
mixture of 

Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro- 

Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu- 

Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 

Gln-His-Leu-Pro-Tyr-Ile-Glu- 

Gln-Gly-Met-Met-Leu-Ala-Glu-Gln- 

Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X? 

and 

(Peptide II) 

Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr- 
Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro- 
Ala-Val-Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu- 
Thr-Phe-Trp-Ala-Lys-His-Met-Trp-Asn-Phe- 

X; 

(Peptide V) 



(ii) a negative control sample; and 

(iii) an inactivated HCV positive control sample; 

(iv) specimen diluent; 

(v) enzyme labelled antibodies to human IgG; and 

(vi) ah enzyme substrate. 

«^Wr An ELISA test kit for the detection of antibodies 
to HCV or NANBHV or the diagnosis of HCV or NANBHV infection 
comprising: 

(i) [wherein the] a solid phase coated with a 
peptide composition [comprises] comprising a 
mixture of 

Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu- 
Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly- 
Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly-Leu-X; and 

(Peptide II) 

Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys- 
Arg-Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys- 
Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val- 
Tyr-Leu-Leu-Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly- 
Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu-Arg-Ser- 
Gln-Pro-Arg-Gly-Arg-Arg-X ; 

(Peptide VIII) 

(ii) a negative control sample; and 



■A 




> 



(iii) an inactivated HCV positive control sample; 

(iv) specimen diluent; 

(v) enzyme labelled antibodies to human IgG; and 

(vi) an enzyme substrate. 



3V 



V 



(Twice Amended) . An ELISA test kit for the 
detection of antibodies to HCV or NANBHV or the diagnosis of HCV 
or NANBHV infection comprising: 

(i) [wherein the] a solid p hase coated with a 
peptide composition [comprises] comprising a 
mixture of 

Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu- 
Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly- 
Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly-Leu-X; 

(Peptide II) 

Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala- 
Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val- 
Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp- 
Ala-Lys-His-Met-Trp-Asn-Phe-X ; and 

(Peptide V) 

Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys- 
Arg-Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys- 
Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val- 
Tyr-Leu-Leu-Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly- 
Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu-Arg-Ser- 
Gln-Pro-Arg-Gly-Arg-Arg-X ; 

(Peptide VIII) ; 

(ii) a negative control sample; and 

(iii) an inactivated HCV positive control sample; 

(iv) specimen diluent; 

(v) enzyme labelled antibodies to human IgG; and 

(vi) an enzyme substrate. 



REMARKS 

Applicant takes this opportunity to express its 
appreciation for the Examiner's cooperation and the Examiner's 
Amendment • 



5 



In the present Rule 312 Amendment, Claims 1 and 10 were 
amended to add an upper limit to the range of relative 
immunoreactivity to antibodies to HCV of the segments. Similar 
additions were made pursuant to the Examiner's Amendment of 
November 21, 1991, amending Claims 1, 11, 37 and 42. Moreover, 
such amendment finds support in the specification in Table 1 on 
page 31 where the range of relative immunoreactivities for 
various segments were described. In particular, Peptide II 
segments range from 3.1 to 101%, thus providing support for the 
amendment adding "up to 101%." 

The amendment is made to conform the claims to the 
Examiner's Amendment so that the claimed subject matter is 
consistent throughout. 

Claims 59, 60 and 61 were amended to add a "solid phase 
coated with the peptide composition." This amendment finds 
support in Examples l, 2, 8, 9, 10, 12, 14, 15 and 18 which 
disclose the use of peptide compositions to coat a solid phase to 
perform the ELISA technique. The amendment is made to put the 
claims 59, 60 and 61 into correct form. 

It is respectfully submitted that no new matter or new 
issues requiring a search have been introduced. Entry of the 
amendment is hereby requested. 

Respectfully submitted, 
MORGAN & FINNEGAN 

Dated: December 11, 1991 



MORGAN & FINNEGAN 
34 5 Park Avenue 
New York, NY 10154 
(212) 758-4800 



By: U)WnW^ 
Maria C. dL— X^dtr 
Reg. No. 29,323 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
PATENT EXAMINATION OPERATION 



In re U.S. Patent No.: 5,106,726 

Inventor: Chang Yi Wang 

Serial No.: 07/558,799 

Issued: April 21, 1992 

For: SYNTHETIC PEPTIDES SPECIFIC 
FOR THE DETECTION OF 
ANTIBODIES TO HCV 



Commissioner of Patents and Trademarks 
Washington, D.C. 20231 



PATENT 



fa 



) 



Examiner: Lester L. Lee 
Group Art Unit: 1811 
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REQUEST FOR CERTIFICATE OF CORRECTION PURSUANT TO 
37 C.F.R. 1.323 

Dear Sir: 

Upon reviewing the above-identified patent, patentee noted 
certain typographical errors in both the specification and claims 
which should be corrected. These typographical errors are found 
in the application as filed by applicants; accordingly the 
required fee $100.00 is submitted herewith. 



In the Specification: 

At Column ^ff lines 17 
amino acid sequence 



19: the first three lines of the 




should read: 



"Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg-Tyr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr- M 
" Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg-Thr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr . 



100 MG 03/11/93 07558799 



1 145 



100.00 CK 




At column 23, lines 46 . - 47: the first two. lines of the 
amino acid sequences: 

"Ile-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Tyr- 
Trp-Alg-Gln-Pro«Gly-Tyr-Pro-Trp-Pro-Leu-Thr- M 
should read: — Ile-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Thr- 

Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr . 

In the Claims : 

In Claim 1 (viii) , the first three lines of the amino acid 
sequence: 

"Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg-Tyr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr-" 
should read: — Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg-Thr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- — . 
In Claim 30, the first three lines of the amino acid 
sequence: 



"Gly-Arg-Arg« 


-Gln- 


•pro- 


-Ile- 


Pro 


-Lys-Val- 


Arg-Arg-Pro- 


-Glu- 


•Gly- 


-Arg- 


Tyr 


-Trp-Ala- 


Gln-Pro-Gly- 


-Tyr- 


-Pro- 


-Trp- 


Pro 


- Leu -Thr-" 


Gly-Arg-Arg- 


-Gln- 


■pro- 


-Ile- 


Pro 


-Lys-Val- 


Arg-Arg-Pro- 


-Glu- 


•Gly- 


-Arg- 


Thr 


-Trp-Ala- 


Gln-Pro-Gly- 


-Tyr- 


■Pro- 


-Trp- 


Pro 


-Leu-Tyr- 



- 2 - 





It is quite evident after a review of the specification and 
claims as filed, especially based on the amino acid sequences at 
columns 21 and 22, Table 7, that the amino acid, sequence 



Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg-Thr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Ty_r- 
Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly- 
Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg- 
Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro-Arg- 
Arg-Arg-Ser-Arg-Asn-Leu-Gly 



was intended. (The corrected amino acids are underscored) . 
Moreover, the entire amino acid sequence of the HCV virus was 
provided in the specification on Table 6 at Columns 3-4 and 5-6. 
The errors now sought to be corrected are inadvertent 
typographical errors the correction of which does not involve new 
matter or require examination. 

Transmitted herewith is a proposed Certificate of Correction 
effecting such amendments. 

Patentee respectfully solicits the granting of the requested 
Certificate of Correction. 

The Commissioner is hereby authorized to charged any 
additional fees which may be required for this correction. 
Deposit Account No. 13-4500. Order No. 1151-4043. A DUPLICATE 
COPY OF THIS SHEET IS ATTACHED. 



Morgan & Finnegan 

345 Park Avenue 

New York, New York 10154 

Tel. No. (212) 758-4800 

Fax. No. (212) 751-6849 



Respectfully submitted 





Registration No. 29,323 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. 15,106,726 Page 1 of 3 

DATED : April 21, 1992 
INVENTOR(S) : Chang yi Wang 

It is certified that error appears in the above-indentlfled patent and that said Letters Patent is hereby 
corrected as shown below: 

At column 9, lines 17-19: the first three lines of the 

amino acid sequence 

«Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 

Arg-Arg-Pro-Glu-Gly-Arg-Tyr-Trp-Ala- 

Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr-» 

should read: — Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-val- 

Arg-Arg-Pro-Glu-Gly-Arg-Thr-Trp-Ala- 

Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- 

At column 23, lines 46-47: the first two lines of the 

amino acid sequences: 

"Ile-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Tyr- 

Trp-Alg-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr-« 
should read: - ne-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Thr- 
Trp-Ala^ln-Pro^ly-Tyr-Pro-Trp-Pro-Leu-Tyr- 



PATENT NO. 
DATED 
INVENTOR(S) 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

5,106,726 p a g e 2 of 3 



April 21, 1992 
Chang Yi Wang 

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
corrected as shown below: 

Column 49, lines 17-19: 

in the Claim l (viii) , the first three lines of the amino 
acid sequence: 

. " G1 y-Arg-Arg-<31n-pro-Ile-Pro-Lys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg-Tyr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr-» 
should read: ~ Gly-Arg-Arg-Gln-pro-lle-Pro-Lys-Val- 
Axg-Arg-Pro-Glu-Gly-Arg-Thr-Trp-Ala- 

Column 58, lines ^^^y^-^O-T^TO-L^-Tyr- - 

in the Claim 30, the first three lines of the amino acid 
sequence: 

"Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-ProHSlu-Gly-Arg-Tyr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr-" 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,106,726 Page 3 of 3 

DATED : April 21, 1992 
INVENTOR(S) : Chang Yi Wang 

It is certified that error appears in the above-indentified patent and that said Letters Patent Is hereby 
corrected as shown below: 



should read: — Ile-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Thr- 
Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- 



This certificate Supersedes Certificate of Correction issued September 20, 1994 



Attest: 



Signed and Sealed this 
Thirteenth Day of December, 1994 



Attesting Officer 



BRUCE LEHMAN 
Commissioner of Founts and Trademarks 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. . : 5,106,726 PaEe ! . , 

DATPn • Page 1 of 3 

• April 21, 1992 
Chang Yi Wang 



INVENTOR(S) 



correcte^Sn 2w7 *' p8tenl and th « »« Letter, Patent is hereby 



At Column 4, lines 17-19: the first three lines of the 
amino acid sequence 

"Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg-Tyr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr- 1 ' 
should read: — Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg-Thr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- — . 

At column 23, lines 46-47: the first two lines of the 
amino acid sequences: 

••Ile-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Tyr- 
Trp-Alg-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr-" 
should read: — Ile-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Thr- 

Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- - 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. ; 5,106,726 Page 2o f 3 

DATED ~ : April 21, 1992 
INVENTOR(S) : Chang Yi Wang 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 



In the Claim 1 (viii) , the first three lines of the amino 
acid sequence: 

" G ly-Arg-Arg-G ln-pr o-I le-Pr o-Ly s -Va 1 - 
Arg-Arg-Pro-Glu-Gly-Arg-Tyr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr-" 
should read: — Gly-Arg-Arg-Gln-pro-ile-Pro-Lys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg-Thr-Trp-Ala- 

Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr 

In the Claim 30 r the first three lines of the amino acid 
sequence: 

11 G ly-Arg-Arg-G ln-pro- He -Pro-Lys -Va 1 - 
Arg-Arg-Pro-Glu-Gly-Arg-Tyr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr-" 
should read: — <51y-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg-Thr-Trp-Ala- 



UNITED STATES PATENT AND TRADEMARK OFFICE r 

CERTIFICATE OF CORRECTION 



PATENT NO. : 5,106,726 
DATED : April 21, 1992 

INVENTOR(S) : Chang r± Wang 



Page 3 of 3 



It Is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
corrected as shown below: 

Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- — 



Attest: 



Signed and Sealed this 
Twentieth Day of September, 1994 



Attesting Officer 



BRUCE LEHMAN 
Commissioner of Patents and Trademarks 




UNITED STATES DEPARTMENT OF COMMERCE 
Patent and Trademark Office 

ASSISTANT SECRETARY AND COMMISSIONER 
OF PATENTS AND TRADEMARKS 
Washington, O.C. 20231 



HfiY 3. 0 1993 

Maria Lin 

MORGAN & FINNEGAN 

34 5 Park Avenue 

New- VorHv - NY ; .„10154 ..,^,..^.v: . 



R e: Status Regarding Certificate of Correction for 
U.S. Patent No. 5, 106, 726 

Dear Maria Lin 

« i Q9 we received a request for a Certificate 

backlog. 

Should expedited services be required, please contact .e at 
(703) 305-8127. 

Sincerely, 

Mary Allen, Manager 

Certificates of Correction Branch 

Office of Publication and Dissemination 



NOTICE RE; CERTIFICATES OF CORRECTION PipcrNo. 



M 



DATE 



07/H/94 



TO : Supervisor, Art Unit WW* j fj/ 



SUBJECT : Certificate of Correction Request in Patent No. 5,106.726 



A response to the following question(s) is requested with respect to the accompanying request for a certificate of correction. 

Q 1. Would the change(s) requested under 37 CFR 1.323 constitute new matter or require reexamination of the application? 

^) 2. Would the changes) requested under 37 CFR 1.323 materially affect the scope or meaning of the claims allowed by 
the examiner in the patent? 

Q 3. Applicant disagrees with change(s) initialed and dated by Examiner in lieu of an Examiner's Amendment Should 
the change request be granted? 

Na.. 

With respect to the change(s) requested, correcting Office errors, should the patent read as shown in the certificate 
of correction? 

Q 5. If the amendment filed had been considered by the Examiner, would the 

amendment have been entered? 



PLEASE RESPOND WITHIN 7 DAYS AND RETURN THE FILE TO 
ROOM 809. PKI 



Patent Assistant 



TO: CERTIFICATES OF CORRECTION BRANCH 



DATE: 



The decision regarding the change(s) requested in the certificate of correction is shown hclow. 



1. 


□ YES 


□ NO 


□ Comments below 


2. 


□ YES 


^2Cno 


Q Comments below 


3. 


□ YES 


□ NO 


Q Comments below 


4. 


YES 


□ NO 


Q 'Comments below 


5. 


□ YES 


□ NO 


Q Comments below 



Q Comments /U<rt^ , ^S> ur^ Kr^ cJbu^ < 



PTOL-306(REV. 10/87) 



Supervisor 



Art Unit 



U.S. DEPARTMENT OF COMMERCE Patamand Trademark Office 



ATfOWf jY A1>DR**J3 



Maria C.H. Lin 
Morgan & Finnegan 
345 Park Avenue 
New York, NY 10154 



Washington, D.C. 20231 



MAILING DATE 



AUG 4 1994 



PATENT NO. 




PATENT DATE 


5,106,726 




04/21/0? 


PATENTEE 




Chanp; Yi Wan R 




ATTORNEY DOCKET NO. 




_1151-«iA* 





NOTIFICATION REGARDING REQUEST FOR CERTIFICATE OF CORRECTION 

r*- C ,^ of Co J rrec i on » Pxem identified above has 

cu.. ted as requested. He Certificate, so modified. will be issued oT 



■PRO^id , the eaeeption iodieated below. H« remaWng emn win to 



CJ_ A. THE CHANGES BELOW CANNOT BE INCLUDED IN THE CERTIFICATE SINCE THE REQUEST WAS FILED UNDER RULE 322: 
| 1 I. Column line u primed ^ VX0TiaBa . ^ ^ mM _ 

U (,) The change referred to waa initialed and dared by appear before esecution of tne .pp,^ pjpcn . 



□ 
□ 
□ 



* SSltSaSS^JSfiT- ' *• " 0m ' mkm ' S Mure " ** >*(.). in that the preeise poin, of enuy 

3. In column t 



for 



□ 
□ 



□ 

□ 
□ 



□ 



4. °™-o^P™Htyd,,af^ 

(a) The priority data was omitted from the oath, or declaration 

(b) The claim for priority was not included in the application papers. 

(c) The certified copy of the foreign application was not filed. 

5. Since, the invenror name(s) is/are printed in accordance with the rv^ • 

granted (See Pennon filing infomiaoonbeiov," W S,gnaQlre - 00 correction is in order here, unless a f 

--n=^^^ 

By MaU: Commissioner of Patents and Trademarks 
BoxDAC 

Washingtjn. D.C. 20231 



OR 



By FAX: (703) 308-6916 

Aon: Office of Pennons 



7. In column 



ofcenamp^^ 

rj B. THE REQUEST M BEEN CHANGED AS SHOWN BELOW TO COMPLY WITH THE RECORD: 
□ i. The error complained of in column . !inc , fa ^ ^ ^ 

□ 2, The change requested in . t 
■ has been modified by: 



. where the changes will be made. 



Form PTOL-404 (rev. 5/94) 



Page I of 2 



I—Li c. THE FOLLOWING CORRECTION^ CANNOT BE INCLUDED IN THE CERTIFICATE FOR THE REASONS C ? IVEN BELOW: 

j * | l . The STBni sequence , purported to be in column 4 . 1 inc l 7 — 19 cannot be found in the printed patent. 

j | 2. The alleged error in column , line , is an editing change made in accordance with the style of the Invention Patent Manual. 

I | 3. In column , line , the alleged error is in fact a change made by the examiner and considered to be in accordance with the 

' ' permissible amendments enumerated in M.P.E.P. 1302.04. 

| | 4. In the tide, it is the practice to exclude words such as Improvements in", "New", "A", "Novel", etc.. from the printed patent 

□ 5. Comparison of the patent in column , line , with the corresponding location in the application file reveals that there is 
co discrepancy. 

r— "j 6 The numbering of the claims and their dependency in the printed patent is in accordance with the renumbering of dependent claims by the :xaminer 

' 1 as described in M.P.E.P.608.0l(n). 

| | 7. The alledged error in column , line ? \' is i Change made in an Examiner's Amendement at time of allowance. Sir/-: no 

error is involved and since applicant filed no objection prior to payment of the base issue fee, the requested change will not be included in 
the Certificate. 

1 1 8. The error complained of in column . line , cannot be corrected since: 



D. ADDITIONAL CORRECTIONS: 



E. OTHER (Fee not enclosed): 



FOR ADDITIONAL INFORMATION REGARDING THIS NOTIFICATION PLEASE CONTACT: 
Your Name 

Certificates of Correction 
(703) 305- 

WITHIN 4 WEEKS FROM MAILING DATE OF THIS NOTIFICATION 




Supervisor. CeYaficatet of Correction B: 



This decision is rendered pursuant to authority delegated by the Solicitor under authority delegated to him 
by the Commissioner of Patents and Trademarks. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 

DATED 

INVENTOR(S) 



5,106,726 
April 21, 1992 
Chang Yi Wang 



It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 



In the Specification: 
At Column 4, lines 17 



19: the first three lines of the 



amino acid sequence 

"Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg-Tyr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr-" 

should read: — Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 

Arg^rg-Pro-Glu-Gly-Arg-Thr-Trp-Ala- 

' — v. . 

Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-TyrT — . 



At column 23 , lines *6 -v47: the first two lines of the 
amino acid sequences: Vj\ t\ J 

"Ile-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Tyr-, 
Trp-Alg-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr^ M 
should read: — Ile-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Thr- 

Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr 7 - 

1 of 2 



MAILING AOOAESS OF SENDER: 

Maria C.H. Lin 
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UNI J,i D rf^ ES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,106,726 
DATED ; April 21, 1992 
INVENTOR(S) : Chang Yi Wang 

eorj,:; ?.tr 8ppws in ,he 8b ™««» ««« - «,„ * i.,^ p„eo, is hereby 

In the <7i^< nr . 

in the Claia, x (viii) , the ^ ^ ^ ^ ^ ^ 
acid sequence: 

"Gly-Arg-Arg-Gln-pro-lle-Pro-Lys-Val- 

Arg-Arg-Pro-Glu-Gly-Arg-Tyr-Trp-Ala- 

Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr-» 
should read: ._ Gly- Arg - Arg . Gln . pro . Ile _ pro _ Lys _ vai ; 

Arg-Arg-Pro-Glu-Gly-Argiihr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr^ — 
in the Clai* 30, the first three lines of the a.ino acid 
sequence : 

"Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg^yr^Trp.Aja. 

Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr^., 
should read: ^- Gly-Arg-Arg-Gln-pro-Ile-Pro- L ys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg^hr-Trp-Ala- 

G1 "-Pro-Gly -Tyr-Pro-Trp-Pro- L eu-Tvr^ ~ , f , 

■ _ J 2 of 2 
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MAILING ADDRESS OP SENDER 

Maria C.H. Lin 
Morgan & Finnegan 
345 Park Avenue 
New York, NY 10154 

PORMPTQ 1050 (REV. 3.BJ> 



PATENT NO. 5,106,726 



No. of edd'1. eopie* 
@ 30< per psgt 




PATENT EXAMINATION OPERATION 




;i In re U.S. Patent No.: 5,106,726 : 

Inventor: Chang Yi Wang : Examiner: Lester L. Lee 

Serial No.: 07/558,799 : Group Arit Unit: 1811 

: Issued: April 21, 1992 : ..'ill - ; ft r?q 

.: :■: -3 O 

For: SYNTHETIC PEPTIDES SPECIFIC : J_ fU 

FOR THE DETECTION OF £ 

ANTIBODIES TO HCV : ^ m :i| i 



Commissioner of Patents 

and Trademarks 
Washington, D.C. 20231 



REQUEST FOR CERTIFICATE OF CORRECTION PURSUANT TO 
37 C.F.R. 1.323 

Dear Sir: 

This is in response to the Notification regarding request 
for Certificate of Correction. 

The Examiner has indicated that the sequence purported to be 
in Column 4, line 17-19 cannot be found in the printed patent. A i 
review of the Request and the proposed Certificate of Correction 
and the issued patent shows that the location of the error was 

j 

misidentified. The error is to be found in Column 9, lines 17- 

! 

A substitute certificate of correction is enclosed herewith. 
Entry is requested. 





The Commissioner is hereby authorized to charged any 
additional fees which may be required for this correction. 
! Deposit Account No. 13-4500. Order No. 1151-4043. A DUPLICATE 
. COPY OF THIS SHEET IS ATTACHED . • 



Date: 




Morgan & Ftnnegan 
345 Park Avenue 
New York, New York 10154 
Tel. No. (212) 758-4800 
Fax. No. (212) 751-6849 



Respectfully submitted 
MORGAN & FINN EG AN 




By: 

Mar^erTTT Lin 
Registration No. 29,323 



10K25J 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 
DATED 
INVENTOR(S) 



5,106,726 
April 21, 1992 
Chang Yi Wang 

L'S^SXr" m « -id Letters Patent „ hereby 

in the SBggUisafclan: 

At column 9, lines 17 - X9! the first <■>, 

cne first three lines of the 

amino acid sequence 

"Gly-Arg-Arg-Gln-pro-Il e -p ro . Lys _ Val _ 

Arg-Arg-Pro-Glu-Gly-Arg-Tyr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr-" 
should read: - G ly-Arg-Arg-Gln.pro-lle-P r o- Lys . Val . 

; Ar g - A rg-p r o-Glu-Gly-Arg-Thr-Trp-Ala- 
! Gln - pr °-Gly-Tyr-Pr 0 -Trp-Pro-Leu-Tyr- 
Atl column 23/ lines 46 - 47- the . 

" I1 -^-^3-Val- Ar g. Arg . Pro . Glu _ Gly _ Arg _ Tyr _ 
should read- - 1 T i rP " Al9 - Gln - Pr °- G1 ^- P «--P--o- L eu- Th r-.. 

Trp-Ala-om-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- - . 

1 of 2 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,106,726 

DATED : 21> 19g2 

INVENTOR(S) : _ 

Chang Ti Wang 

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
corrected as shown below: ' 
In the ClaJnjp, 

in the Clain i (viii) , the first three lines of the amino 
acid sequence: 

"Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg-Tyr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr- » 
should read: Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg-Thr-Trp-Ala- 

Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr 

In the Claim 30, the first three lines of the amino acid 
sequence: 

"Gly-Arg-Arg-Gln-pro-lle-Pro-Lys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg-Tyr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Thr-". 
should read: Gly-Arg-Arg-Gln-pro-Ile-Pro-Lys-Val- 
Arg-Arg-Pro-Glu-Gly-Arg-Thr-Trp-Ala- 
Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- — 2 of 2 



MAILING ADDRESS OF SENDER: PATENT Mn 5,106.726 

Maria C.H. T.in no. of adtn copies 

Morgan & Finnegan <3> soe per page 

345 Park Avenue . 

New York, NY 10154 ^ 



FORM PTO 1050 (R«v. 2-931 



1151-4043 PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
PATENT EXAMINATION OPERATION 

x 

In re U.S. Patent No.: 5,106,726 : 

Inventor: Chang Yi Wang : Examiner: Lester L. Lee 

Serial No.: 07/558,799 : Group Art Unit: 1811 

Issued: April 21, 1992 : 

For: SYNTHETIC PEPTIDES SPECIFIC : 
FOR THE DETECTION OF 
ANTIBODIES TO HCV : 

x 

Commissioner of Patents and Trademarks 
Washington, D.C. 20231 



CERTIFICATE OF MAILING (37 C.F.R. 1.8a) 

Dear Sir: 

I hereby certify that the attached 

1. Certificate of Correction (2 pages) ; 

2. Request for Certificate of Correction Pursuant 

to 37 CFR 1.323; 

3. Certificate of Mailing; and 

4 . Postcard 

along with any paper (s) referred to as being attached or 
enclosed) and this Certificate of Mailing are being deposited 
with the United States Postal Service on the date shown below 
with sufficient postage as first-class mail ,in an envelope 
addressed to the: Commissioner of Patents and Trademarks, 
Washington, D.C. 20231. 

Respectfully submitted 
MORGAN & FINNEGAN 



Date: 




Morgan & Tinnegan 

345 Park Avenue 

New York, New York 10154 

Tel. No. (212) 758-4800 

Fax. No. (212) 751-6849 



By , £w<^ 

Marf^C^-HTTTin ~ ^ 
RegisWa^Eion No. 29,323 




0 • 



0«v FTO-176 



US DEPARTMENT OF COMMERCE 

•4?|NT A NO Tii MM ^ 0"<I 



'ATENT APPLICATION FEE DETERMINATION 
RECORD 



"LING 04 T| 



A*mCANTjHMT NAMCOl 



CLAIMS AS R-LED • PART I 



SMALL ENTITY 



DR 


NO FlUO 


NO EXTRA 


**IC MI 




ITAL CLAIM* 






■DIP CU'UI 


r »• 




MUlTl*U DIP! NO! NT ClAlM PAIS INT 



l •• tosi him <tro *mtf 'D'wwl 



RATE 


PEE • 




' 185 


x 6 


» /irT 


xl8 




■ §9 


< 


TOTAL 





/ 

CLAIMS AS AMENDED . PART II 

SMALL ENTITY 



>2l 





CLAIMS 
REMAINING 

AFTER 
AMENDMENT 




HIGHEST NO 
PREVIOUSLY 
• PAID FOR 


PRESENT 
EXTRA. 


TOTAl 


• <%> 


MINUS 






INOI* 


• tt 


MINUS 




• a 


' »»*ST MUINTATIO* ©# MUlTl*U Of P CUM 






Si 



HIGHEST NO. 
PREVIOUSLY 
PAID FOR 



MINUS 



MINUS 



l,MT M «MNTATI0N Of MUITI^U 0I# N CUIM 



PRESENT 
EXTRA 



•* c* a Mm -e- * co< a 

"»"••»••*•-, »N Thi| 9* AC! m «*«» JO. •mwt JO" 



RATE 



x 6 



■» 'IB 



TOTAL / 
AODIT. FEE / 



AODiT 




RATE 



&X 



x 18 



60 



TOTAL 
AODIT. FEE 



AODiT 
FEE 





CLAIMS 

| REMAINING 

AFTER 
AMENDMENT 




HIGHEST NO 
PREVIOUSLY 
PAID FOR 


PRESENT 
EXTRA 


TOTAf 




MINUS 










MINUS 








* 





RATE 



g IS 



XL 



TOTAL 
AODIT. FEE 



AODIT 
FEE 





OTHER THAN A 
SMALL ENTITY 


25 


RATE 


Hi 


22 




j» 370_ 


2f 


■ 12 


1 


22 


1 36 


I 


22 


120 


1 


OR 


TOTAL 


t 




OTHER THAN A 
SMALL ENTITY 


22 


RATE 


ADDIT 
-EE 




X 12 


* 




x 36 






120 


» 


22 


TOTAL 


t 








22 


RATE 


ADDIT 

P £E 




X 12 


t 




x 36 


t 




"120 


i 


0* TOTAL 


f 






OR 


Rate 


ADDIT 

'EE 




X 12 


i 




X 18 


t 




60 


i 


22 


TOTAL 


i 



5 □ 



5 □ 
u 1 — 1 




□ □ 















— 




















— 
































— 












— 






























































* 












































































































" 










































































! 1 
! > 












o 














^ i 

::.L 


o 


o 


o 


o 


o 



< 



r~ 


CM 


CO 




to 


to 




00 


O) 


o 


O 


O 


o 


o 


o 


o 


o 


o 


o 




00 


00 


00 


00 


00 


00 


00 


00 


00 


00 



a 
cc 
O 
o 



Q 

cr 
O 

o 



Q Q Q Q 

CC CC CC CC 

o o o o 

o u o o 

tU LU LU LU 

CC CC CC CC 



Q 


Q 


a 


CC 


DC 


cc 


o 


O 


.o 


O 


o 


o 


LU 


LU 


LU 


CC 


CC 


CC 



fix 





N 


CO 




LO 


to 


rs 


CO 


o 


o 


o 


O 


o 


o 


O 


o 


o 


o 


o 




0) 








cn 


<n 


0) 


0) 


O) 





Q 


Q 


Q 


Q 


Q 


Q 


Q 


Q 


CC 


CC 


CC 


CC 


cr 


CC 


CC 


CC 


o 


O 


o 


O 


o 


o 


O 


o 


o 


o 


o 


O 


o 


8 


O 


u 


LU 


LU 


LU 


LU 


LU 




LU 


LU 


DC 


cc 


CC 


GC 


CC 


CC 


CC 


CC 



Q 
CC 
O 
O 

LU 
CC 



Q 
CC 

o 
o 

LU 
CC 



o 

QC 
O 



o w 



z 
o 

< 

-JIU 
0.0. 

□ 



is 

zgtn 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



□ image cut off at top, bottom or sides 

□ faded text or drawing 
p'blurred or illegible text or drawing 

□ skewed/slanted images 

□ color or black and white photographs 

□ gray scale documents 

Klines or marks on original document 
0<reference(s) or exhibit(s) submitted are poor quality 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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